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With the spread < technical education, which is kiujIl a 
feature in the present century, scarcity a household but 
lias its more or loss pretentious workshop, in which tin* 
mechanical and scientific tastes of the hoys can ho developed 
and made useful. No hotter way of keeping idle hands 
from mischief <‘an he imagined, and there is always a charm 
about home-made knicknacks, and a satisfaction in doing 
one’s own repairs about the dwelling, that quite atone for 
any little defects t lint a professional eye might discover. 
As aid hooks to such industrious amateuis, and by no means 
to he despised even by the trained mechanic, WoiiKSiior 
1 ivy kipts have enjoyed a wide reputation for close, on a 
quarter of a century. Of handy size, well indexed, and 
fully illustrated, they comprise in themselves a complete 
technical library at a very low cost. Til adding a Firm 
volume, the range of subjects lias been widened, and the 
information conveyed in earlier volumes has heen supple- 
mented by the results of >ost recent investigations and 
experiments, tiius bringing the whole series well up to date. 

In Jc matter of illustrations this last addition to their 

♦ 

number, is specially liberal. 
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Diamond Cfttino anj> 

Pousuim;. 

V i;k y lit t le i- know n ]*\ tin- muhaun, 
ot ihe real process ol tiaied'orming *1 
rough and apparently worthh^s-jook 1114 
pehhle into a stone of tin* gloat cut 
biill'ancy and lu.Uc. The change 
untight in* th*- Mom* ns it passe*, 
through the cutter’-, ami the polisher's 
hand*- i> the result ol' a tedious, dillieuit, 
and duty process. It is lcmmk.ddc 
that the purest diamond, though 
perfectly' eolnuiies'., when ieduo*d to 
powder, is always of a hla< k or black- 
i3'nv colour. In all the operations 
• through which a diamond passes the 
utmost skill and judgment are lequned, 
c\er\ detail, even from the prepaiation 
of the tools to tin* finishing whirl of the 
polishing wheel, demanding a thorough 
acquaint anee wit^ the nature of tin* 
stone. As scan elv two stones a 1 e alike 
in shape, it necessarily follows that a 
ditlerent treatment, more or less vaiied 
according to circumstance**, is required 
in po'ishing each stone. Thus, the 
excellence of workmanship dept nds 
entirely upon the good j\*kgimnt m 
skill of the ] >oli slier. It is in some rises 
years before ,1 man can be entrusted 
with valual 4 e stones, and tlie ditliculties 
which an apj re i» tire experiences 111 
learning h*s train* sue so many that it 
is not surprising tli^t, unlike other 
hum hanical ^pursuits, the supply of 
^hotir j- *0f£rcely ever above that of the 
il<*Tif?md. The slightest error on the 
part of the operator may utterly destroy 
*he pallid of a stoue, hence men of 
known experience ami skill are always 


' in request. The wages of a diamond 
; polish* rale far .lhove tlios** of ailV other 
| me* liauh ul puiMin, ordinary p'diHieis 
' and cutter. 1 ai i.mg when in full woik 
' trom S/. to 1 <>J. a w«eK. Hut as each 
woikmun is paid per carat and not a 
, vveeslv \\ age ( c wept the appi entices or 
, lads), a man’s income generally depends 
’ upon Ins* industry and eneigy. 

* Tin* art of diamond cutting was 
; almost a secret, or very little under? tood 
; till tlu vein 1 I7<». when om* Ihrghcmi, 

' a result 1 . 1. of IliugO', mtrodmed the 
( pi mt ice of using di uimnd powder for 
| forming and polishing the facets. 

! Holland for many yeais enjoyed the 
j entne nmnopojy of tlu* trade, and to 
i this dav Am teid.nn m the great centre 
1 of the uid m try. And although this 
monopoly' lias for some yeais been 
bioken l»v the estaldishment in London 
j and <1 e\\ here* f workshops, yet JLdland 
[ still continues to supply both the 
1 w «-ik men ami their tools. The latter 
are somewhat roughly made, and might 
j be laig**ly improved upon, although 
! thole can be no question of their adapt- 
j al ilitv to the woik It is owing no 
, doubt to tiie sin l) 1 demand in Lugland 
I lor the machinery and implement*: for 
I this special industry' which has caused 
I the total neglect in their manufacture 
hv Knglish meehameians. At present 
the demand would certainly not pay for 
their manufacture, but the attention of 
1 practical men might well be turned to 
| the improvement of the appliances used 
; by diamond cutters and polishers. 

While Holland and the Dutch have kept 
I the trade in their own hands, it is the 
i Dutch Jews th.it Holland has 10 thank 
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THAMOND CU'i riNf! AN1> 1'OMSHINC. 


for this cxrlusixe industry. Tlie < ratio 
is almost entirely in the hands of this 
industrious people. It is owing to their 
rharartcri.'.tie energy and poi-sevcraii co 
that, the trade has so largtdv developed. 
To lie a good workman one must, he 
steady, doggedly pi*r-c\’ei ing, temperate, 
industrious, and painstaking and these 
qualifications are generally found among 
the descendant* of the ancient race. 
They are therefore well adapted by 
nature for the tedious process of diamond 
polishing, anil they have mntiixcd to 
keep it in their hand* for centuries. 
Hatton ( harden appears to he not only 
the centre of the London trade, hut. also 
the mart for the sale nnl purchase uf 
the finished gems. 

The first process is what is called 
“cutting” the stone — alheit this 
cutting is really rubbing. When in its 
rough state, the stone presents a rugged 
appearance, shapeless, and full of sharp 
angularities. i t is the cutter’s work 
to reduce the imlefinible pebble, to 
something like shape and form, and 
thus render the work of polishing easier 
and more expeditious. Should the 
diamond possess flaws — that is, spots 
which militate against its commercial 
value — recourse is had to cleaving, in 
which operation these flaws are removed 
without decreasing to any considerable 
extent the size or value of the stone. 
Cleaving is effected by means of a small 
knife tapped lightly with a hammer. 
To successfully cleave a diamond the 
utmost care is necessary, and the cleaver 
must be thouiughly acquainted with 
the fibre of the stone. To an outsider 
there is no such thing as a fibre to a 
diamond ; to the. cleaver there is, an 
unless the knife is placed in one certain 
position the whole stone is likely to be 
spoilt. The diamond is, by means of a 
certain kind of cement, which rapidly 
hardens when cooling, fixed to the end 
of a stick termed the “ snyder’s ” or 
cutler’s stock (Fig. 1). This stock is 
fastened in a sort of vice, and the 
cleaver, placing his knife on the edge 
containing the flaw, gives it a gentle 
tap with a hammer, and the piece is at 
once divided in a similar way to the 


cleaving of slate. Hut it is only when 
a stone contains these flaws that, cleaving 
is resorted to, so that practically the 
first operation is that of cutting. This 
is elffctod by placing two stones to he 
cut each in a snyder’s stock, as befc"’ 
described, with the rough edges of the 
stone to he cut so fixed that the edge of 
tin' one may easily be rubbe 1 against 
the edge of the other. This is a very 
laborious and tiring work, and th** 

< utter is compelled to wear thick 
leather glows. Kxcn this precaution 
does not prexent. the rapid growth of 
corns on the hands and fingers. The 
rubbing is done oxer a small brass box 
A (Fig. ~), which has a double bottom, 
the one above being pierced with 
numbeiless minute holes, through 
which the powder ns deposited from 
the rubbing falls into the lower box. 
Tins powder is carefully preserved, and, 
mixed with the finest Lucca oil iu the 
proportion of »'»0 drops of oil to the 
carat of poxvder, is afterwards iw».I to 
polish the stones. Jn order to facilitate 
the work, the cutter rests the two 
storks against txvo pins 1», which act as 
a sort, of fulcrum. When all the ruggod 
irregularities of form have been removed 
by the cutter, the stone is handed to 
another workman, who proceeds to fix 
it by means of molten lead in an instru- 
ment called the “dop,” which is in 
form similar to the ayorn. To the cup 
is attached a length of thick but re- 
markably pliable copper wire, specially 
prepared iu Holland for this purpose 
(Fig. IS). The cup being filled with 
lend, the diamond is inserted at the 
apex of the little mound of lead in the 
jiosition reouired by the polisher. The 
height and size of the mould depends 
upon the nature of the stone, some 
requiring a high and welfsjefined apex, 
others almost a glol>£. ^ The dop is 
handed to the polishes, who. proceeds to 
place it in the tttngue (Fig. 4). The 
wheel upon Wtaich the stones are 
polished or ground is w-*, oidinarv 
lapidary’s wheel, but much «iui«*ue , ire 
is required in its preparation. There is 
a class of workmen who do nothing else ( 
but prepare the wheels for the polisher. 





Diamond cutting. 


n g el -^connected with the trade, 
Holland. In fixing the wheels, 
■the most perfect balance is required, ns 
dbhe f lightest vibration mny destroy a 
diamond. # The wheel is turned very 


the rotary wheel by means of a leaden 
weight placed on the broad uri'ace of 
the tongue (Fig. 4). Before tting the 
stone on the wheel, the polisher applies 
to the diamond a small drep of the 
t» 2 
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DIAMOND CUTTING AND POLISHING. 


powder and oil well mixed. The dust 
procured hv the cut tins; is never sulli- 
dent for the polisher’s use; conse- 
quently stones of a very inferior quality, 
and ofpo commercial value as gem*, are 
first ground to powder in the “ ineteer” 
or grinder (Kig. t>). 'This consists of a 
metal mortar A and a ramrod-like 
pestle B, which, when worked upanl 
down in the same way as a churn, 
gradually reduces the stones to powder. 
The powder is thoroughly incorporated 
with the oil, and presents a thick black 
sticky appeal ance. But the powder, 
owing to its heavy w eight., sinks rapidly, 
and it is only hy constant stirring that 
the mixture is kept ready for use. The 
dop is so placed on the wheel that the 
part to be polished comes directly in 
contact, with its surface. The revolving 
wheel gradually — very gra lually indeed 
— wears away the surface in contact 
xv it li it, and the polisher must use his 
judgment as to the si/e and form of the 
facet he wishes to produce, which, of 
course, depends upon the si/e. of the 
stone. In all, the stone has to be 
polished on 02 surfaces — that is, there 
are on the largest as well as on the 
smallest diamond <32 facets. The facets 
are kuown as the table or top, the 
cutlet or bottom, hooks or corners, 
sides, ends, end facets, and verstelletje 
or stars. The wheel, or, as it is termed 
in Dutch, the .sky f,” lias to he con- 
tinually repolished and ground, for 
although the wheel grinds the diamond, 
the diamond c/i revanche grinds the 
stone, consequently in time the surface 
of the plate is reduced to uneven rings. 
As a rule, a polisher has four stones 
hand at once, and great care is taken in 
keeping the stones perfectly cool. The 
period of completion varies with the 
size of the diamond, some large stones 
taking weeks to polish. But the same 
care must be taken with small as with 
large stones. As no two stones are 
precisely of the same dimension*, it 
follows that the sizes of the facets also 
vary. It will be seen what care and 
judgment is required in polishing each 
surface to its requisite shape, size, and 
angle. The utmost care and skill are 


also required in placing the dop to its 
exact angle, so that the skyf produces 
the proper facet. " In fact, in each « 
branch of the trade every workman must 
he, and is, well up in his work. Thus 
the la Is who fill in the dops with lehu, 
handle with their naked fingers, w r ith 
the utmost sung front , the hot liquid 
while even in a molten condition. The 
dust produced by the action of the 
wheel closely resembles soot — in fact, it 
is nothing but carbon. When the stone 
leaves the polisher’s hands it is a bright, 
glowing, sparkling gem, and only re- 
quires setting iu the article it is 
intended for. 


Labels. 

Bottle Labels. — (t) Ordinary glazed 
paper, preferably of a • utron-yellow 
colour, is wiped over with a damp 
sponge, and then again allowed to 
dry. The ink used for writing the 
labels is prepared from 3 parts extract 
of logwood and 1 of bichromate of 
potassium, dissolved in 30 of water. 
After standing until it has become cWf, 
the liquid is decanted from tlm sediment,* 
and 2 parts gum arabic are then added. 
When the writing has become dry, the 
label is affixed to the receptacle by 
means of a glue-paste, prepared by 
pouring a boiling solution of carpenters* 
glue into a cold prepared paste made 
from wheat -flour and water. When 
the label has become dry, it is brushed 
over twice with the same glue-paste, 
tie second application being delayed 
until the firsb is dry. Finally the 
* \m el is vanished over with dfcmar 
varnish containing 10 per cent, of 
Canada balsam. (R. Triest.) 

(2) Affix a common paper label and 
let it dry; then heaj;«tlfe label (by a 
Bunsen burner of ,ycry sinalf flame) till 
it will just mel^paraffin rubbed on it. 
The label is absolutely protected, and 
looks as if it were enametHd^on t ia 
glass. If the neck and lip of theToAle 
and the stopper are similarly treated, a 
perfect airtight joint is secured an*! thi 
stopper never sets, while liquids can be ( 



LABELS. 


poured out without running down the 
sides. 

(B) Brush the paper labels 'with 
thin size, and afterwards with the 
ordinary photographers* spirit varnish, 
or with common white hard varnish, 
applied Before the fire. Or you can 
paint the name direct on the ghus with 
Bate’s black (a superior kind ofnruns- 
wick black), sold by the photo, dealers. 
A simple waterproof cement for labels 
is made by stirring linseed-oil into hot 
glue, 1 part oil to o or 4 of glue, which 
should, of couise, be prexiojusly soaked 
and dissolved in water to about the 
consistency used by carpenters. 

(4) Paper labels, attached in the 
usual manner, and, when dry, varnished 
over with 2 or 3 coats of good copal 
varnish, will be found to resist almost 
all chemicals except liquor potassse and 
liquor sodas. # 

(5) Glass Labels. — When, as will 
sometimes occur in sudden change of 
weather, or from age, glass buttle- 
itibcls drop oil, leaving the resinous 
layer, together with the lettering, 
adherent to the bottle, they may again 
left fastened by pninting the glass and 

•label with concentrated solution of 
white shellac, and holding the glass in 
place for a few days by means of an 
elastic band. 

(6) Removal of Encaustic Letters. — 
The signatures, letters, numbers, &c„ 
upon porcelain vessels may be removed 
without injury to the glazing, by pro- 
tracted polishing with a piece of pumice 
moistened with concentrated hydro- 
chloric a^id. The removal is facilitated 
by previously exposing the signatures 
to vapours of hydrochl^c acid. # 

(7) Label Varnish. — One of the best 
label varnishes is the following : — 


Sandarac (itf coarse powder) 100 parts. 
Mastic • *. „ 40 „ 

Copaiba V . .. 15 „ 

Venice turpentine . . .'10 „ 

Oil of turpentine . . . . 40 „ 

- 00 „ 

Absolute alcohol 90 „ 

Macerate until solution is effected. 

$ Wiping pn Glqss with Common 


or Indian Inks. — Warm the glass to 
120-140° F. t until tupour is no longer 
deposited. Then bathe the surface 
with the following varnish, moving 
the plate as when applying collodion 
in photographic woik. The •varnish 
consists of 80 giams 95 per cent, 
alcohol, 5 grams mastic in sheets, and 
8 grams damar. The solution i* made 
in a firmly-corked bottle on the water- 
bath, and then filtered. This varnish 
is very hard, brilliant, and transparent. 
Drawings in common or Indian ink can 
he made on this surface ; after comple- 
tion, a thin ln> er of gum is added. This 
method can be used for marking bottles, 
designs for projecting on a screen, or 
for photographic purposes. 

(9) A liquid for etching on glass has 
recently been introduced into commerce, 
and can he used w'itfi an ordinary pen. 
It consists of hydrofluoric acid, ammo- 
nium fluoride, and oxalic acid, and is 
thickened with barium sulphate. A 
better ink is obtained as follows: Equal 
paits of the double hydrogen ammo- 
nium fluoride and dried precipitated 
barium sulphate are ground together 
in a porcelain mortar. The mixture 
is then treated in a platinum, lead, 
or gutta-percha dish with fuming 
hydrofluoric acid, until the latter 
ceases to react. (J)intjL Polyti) 

Plant Labels . — (1) In transplanting 
spring shoots, as well as in sowing 
seeds, the gardener often feels the 
need of a convenient label, that will 
withstand the rain and not get soiled 
with the mud. A w T rit1lr in the Ger- 
man Diamond recommends the use of 
glass tubes, in which the paper labels 
can he slipped, and the tube corked or 
sealed. The tubes should he 8 in. long, 
and have an interior diameter of J in., 
and be made of quitu thick glass. For 
house plants and conservatories, elegant 
labels can he made from wider and 
shorter tubes, open at both ends, one 
being closed with a cork, from which 
the label is suspended by a thread or 
wire passed through the cork, the 
other end being used to hang the tube 
on a branch of the tree or shrub. 

(2) To Fasten Labels on Metal.— 
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The followin' com position is recom- | 
mended: ~ 

Mucilage of tragaeanth 10 parts. 

Honey It) „ 

Houf 1 „ 

(3) Attaching Labels to Tin, Zinc, 
or Ola^s. — Water-glass (solution of 
silicate of soda) is recommended as a 
very good adhesive for t his purpose, 
particularly if the articles are subse- 
quently liable to be exposed to heat. 
Metallic surfaces should first be rubbed 
with emery paper before applying the 
paste ; the label is then pressed on with 
the hand. (/h*o</. Zeit j 

(-1) Writing on Metals. — Take 1 lh. 
nitric acid and 1 oz. muriatic acid. 
Mix and shake well together, and it is 
ready for use. /.'over the plate you 
wish to mark with melted beeswax ; 
when colil, wiite your inscription 
plainly in the wax clear to the metal 
with a sharp instrument. Then apply 
the mixed acids with a feather, caie- 
fully tilling each letter. Let il remain 
1-10 hours, according to the appear- 
ance desired, throw on water, which 
stops the process, and remove the 
wax. 


Laboratory Apparatus. 

Liehitj Condenser . — This condenser 
(Fig. 7) is much more compact, and is 
equally as effective as the ordinary form. 
Much valuably space is saved, which the 
chemist may use to better advantage. | 
a is a tube about in. diameter, and i 
2u-24 in. long, b is a tube 1J in*, 
ditmeter, closed at the upper end. 
This tube is fitted to the large tube by 
a thick heavy cork soaked in melted 
paraflin, The tube e t which reaches 
nearly to the bottom of the condenser, 
serves as an inlet for cold water, and f 
the outlet for the heated water. The 
tube c, connected with the flask r/, 
carries the hot vapours to the con- 
denser, where they are condensed and 
delivered by the tube d to any suitable 
receiver. The tube c , which is con- 
nected with a cork to the condenser, 


should pass up 2-3 in. beyond the cork* 
to prevent the condensed vapours from 
passing back into the retort flask. 

If properly constructed this condenser 
is very effective. Very little trouble 
will he experienced by the vapours con- 
densing in c, and running back; so 

7. 



little surface h exposed to the cold 
atmosphere and cork connection. The 
vapours condensing in b run down the 
w^ills of the tube, and are completely 
delivered by the smaller tube d. 

*l'his conft riser is admirably adSpted 
for the distillation of nearly all liquids 
of low boiling points, which do not 
form explosive vapours, to^omo in con- 
tact with the flame unTlcr ^ie flask <7. 
However, highly ^volatile liquids like 
the ethers niayfbe safely distilled by 
screening the receiver frofl^the heat of 
the flame, and by connecting wiUb tfik 
receiver a safety tube delivering the 
vapours escaping out of a window, or 
through a partition into au adjoining 
room. 



LA B011AT0RY API'AU ATUS. 


7 


• 1 usually employ as a safety con- 

nection, in the distillation of highly 
volatile and combustible liquids, a t ubc 
connected with the receiver, the ex- 
treme end of which dips under mercury, 
covered with a layer, 1 in. deep, of oil 
of a suitable character. This arrange- 
ment I have found perfectly safe ; any 
escaping vapours are absurbetrby the 
oil. (Ohas. 15. Gibson.) 

Safety Valve for Extraction Appa- 
ratus (Fig. 8). — Used very successfully 


a. 



S.ift ty valve for extraction apparatus. 

when it is* jje^irablc to run the extrac- 
tion forborne flours, at the same time' 
the attention beirfjg devoted to other 
work. The tube a%» commented with 
the Liejrf£ ns shown, and with the 
•.flfc&k by which is loaded with mercury, 
and immersed in a vessel of cold water. 
Another tube passes from 6 into c. 
Which is partly filled with mercury | 


and oil. This apparatus i& perfectly 
safe, as any vapours of the ether or 
benzine, which may not become con- 
densed in the Liebig and flask 6, will 

•ely be absorbed by the oil in c . I 
have run this apparatus continuously 
for 24 hours, and have scarce)} been 
able to detect even the smell of ether at 

1 have no fear of accidents, even 
with high boat from a Bunsen burner, 
when these precautions are taken. 
(Chat. B. Gibson.) 

Wire Apparatus for Laboratory Use , 
— Before the year 1351 everything 
known as wire was hammered out by 
baud, but at that date or thereabout 
the art of wire drawing was invented. 
Since then the art lias been developed 
and expanded, so that at the present 
time wire drawing i* a leading in- 
dustry. and we have* wire of every size 
and shape made from all the ductile 
metals, and used in an infinite number 
of w ays. 

it. is not my purpose to enter into an 
extended treatise on wire, but simply 
bring to the notice of the reader several 
new as well as some well known forms 
of laboratory appliances made of wire ; 
and while 1 am conscious that this 
subject is by no means exhausted, 1 
believe that the few examples of wire 
apparatus for the laboratory given in 
Figs, y, 10, will not only be found useful, 
but will prove suggestive of other 
things equally as good. I have found 
wire invaluable for these and kindred 
purposes, and have often made pieces of 
apparatus in the tima that would be 
required to order or send for them, thus 
saving a great deal of time, to say 
nothing of expense, which is no incon- 
siderable item in matters of this sort. 

It is perhaps unnecessary to describe 
fully in detail each article represented, 
as an explanation of the manipulations 
required in forming a single piece will 
apply to many of the others. 

For most of the apparatus shown, some 
unoxidisable wire should be selected, 
such as brass or tinned iron, and the 
tools for forming these articles of wire 
consist of a pair of cutting pli< rs, a pair 
of ilat and a pair of round-nosed pliers, a 
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few cylindrical mandrels of wood or metal, I 
made in different sizes, and a small 
bench vice. Any or all of the articles 
may be made in different sizes, and of 
different, sizes of wire for different pur- 
poses. 

A shows a pair of hinged tongs, 
which arc useful for handling coals 
about tin* furnace, for holding if coal or 
piece of pumice for blowpipe work, ami 
for holding large test tubes and flasks, 
when provided with two notched corks, 
ns shown in 15 and 0. These tongs are 
made by lirst winding the.wire of one 
half around the wire of the other half 
to form the joint, then bending each 
part at right angles, forming on one 
end of each half a handle, and upon tin* 
other end a ring. J5y changing the 
form of the ring end the tongs are 
adapted to handling crucibles and 
cupels and other things in a inutile. 

C shows pair of spring tongs, the 
construction of which will be fully 
understood without explanation. It 
may be said, however, that the circular 
spring at the handle end is formed by 
wrapping the wire around any round 
Object held in the vice ; the rings at the 
, opposite end are formed in the same* 
way. The best way to form good 
curves in the wires is to bend them 
around some suitable mandrel or form. 

I> shows a spring clamp for holding 
work to he soldered or cemented, it 
may also be used as a pinch cock. 

K represents a pair of tweezers, 
which should be made of good spring 
wire flattened at the ends. F is a 
clamp for mounting microscope slicks, 
and for holding small objects to Tbe 
cenu'nted or soldered. G^is a pinch 
cock for rubber tubing ;*its no final 
position is closed, as in the engraving, 
but the ei^d a is capable of engaging 
the loop so as to hold the pinch cock 
open. H^hows% clamp or pinch cock 
having a wire c hoiked into an eye in 
one side, and extendirife through an eye 
^formed other side. This wire is 

W»t at right angles at its outer end to 
engage a spiral d y placed on it and 
, acting as a screw. The open spiral is 
readily forxqed by wrapping two wires 


parallel to each other tin the same 
mandrel, and then unscrewing one 
from the other. The handle will 
of course be formed by aid of pliers. 

1 shows still another form of pinch 
cock. It is provided with tw»> thumb 
pieces, which are pressed when it is 
desired to open the jaws. K is a tripod 
staud, formed by twisting 15 wires 
together. This stand is used for sup- 
cle sand 

hath or evaporating dish, over a gas 
jlamc. It is also useful in supporting 
charcoal in blowpipe work. 

k shows a stand adjust aide as to 
height for supporting the beak of a 
retort, or for holding glass conducting 
or condensing tubes in an inclined posi- 
tion. The retort or filter stand, repre- 
sented in M, is shown dearly enough to 
require no explanation. Should tin* 
friction of the spiral on the standard 
ever become so slight as to permit the 
rings to slip down, the spirals may be 
bent laterally, so a-' to spring tightly 
against the standard, hi shows an 
adjustable test tube holder, adapted to 
the standard shown in AI, and capable 
of being turned on a peculiar joint, so 
as to place the tube in any desired 
angle. The holder consists of a pair of 
spring tongs, having eyes for receiving 
the notched cork, as shown in 0. One. 
arm of the tongs is corrugated to retain 
the clamping ring in any position along 
the length of the tongs. The construc- 
tion of the joint by which the tongs 
are supported from the slide on the 
standard is clearly »h#wn in Oa. It 
consists of two spiials y ?i, the spiral 
h being made larger than the spiral 
and screwed over it, as shown in O. 
This holder is very light, strong, and 
convenient. 

P represents a holder for a magnifier, 
which has a joint,/ 1 , similar to the one 
just described. The slide k is formed 
of a spiral bent at right angles and off- 
set to admit of the two straight wires 
passing each other. This holder may 
he used to advantage by engravers and 
draughtsmen. Q shows a holder for a 
microscope condenser, the difference 
between this and P being th^t the ring 
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• is mad to receive mi unmounted , or spoilt* for cleaning tubes, flaskf 

lens. &<*. 

K .shows a llunsen burner, funned of Z shows a si anil for test tubes. The 
a common burner, having a surrounding wire is formed into series of loops, and 
tube made of wire wound in a spiral, twisted together at r to form legs. A 
and drawn apait near the top of the very useful support for flexible tubes is 
burner to admit the air, which mingles __ shown in J. It consists of a wire 
with the gas before it is cor* 
sumed at the upper end of the 
spiral. 

S represents a connector for 
electrical wires, which explains 
itself. The part with a double 
loop may be attached to a* fixed 
object by means of a screw. 

Another electrical connector is 
shown in T, one part of which 
consists of a spiral having an 
eye formed at each end for ie- 
ceivmg the screws which fasten 
it. to its support, the other part 
is simply a* straight wire having 
an eye at one end. The con- 
nect! m is made by inserting the 
straight end in the spiral. To 
increase the friction of the two 
parts, either of them may be 
curved more or less. 

9 A microscope stand is shown 
in U. The magnifier is sup- 
ported in the ring o. The ring 
p supports the slide, and the 
double ring q receives a piece 
of looking glass or polished 
metal, which serves as a re- 
flector. 

V shows a set of alumi- 
nium grain weights in common 
use. The straight wire is a 
1 gr. weight, the one with a 
single bend is a 2 gr. weight, 
tlit one having two bendfr and * 

form in o’ a triangle is a .‘5 gr. weight, and formed into a loop, and having its ends 
so on. W and X are articles now lit, bent in opposite directions to form 
rally turdfed out by the million. It is a spirals. A rubber tube supported by 
great convenience to have one of these this device cannot bend so short as to 
inexpensTve little corkscrews in every injure it. Most of the articles de- 
cork that is drawn*occasionallv, thus scribed above may he made to the best 
saving th>- trouble of frequently insert- advantage from tinned wire, as it 
•Jttg and removing the corkscrew. The possesses sufficient stillness to spring 
cork puller shown in Y is old amt we'll well, and at the same tune is not so 
known, but none the less useful lor re- still as to prevent it from being bent 
irftving corks that havo been pushed into almost any desired iorm. Besides 
into th^bottle, and for holding a cloth this the tin coating jirotccts the wire 
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from corrosion anil gives it a good 
appearance, (deo. M. Hopkins.) 

Wash-bottle . — By this simple device ' 
(Fig. 1 1) the washing of precipitates 
and the cleansing of vessels used in 
the process of analysis, which before 
required the use of the ordinary wash- 
bottle, can now be done with much 
more facility and in a shorter time. It 
consists essentially of a thin glass lhisk 1 
(\ placed about 3 ft. above the level of 
the working desk, and closed by a .'5 hole 
rubber stopper. Through one of the ; 
holes issues a rubber tube, I) (or glass 
with rubber connections), descending to 
the desk and ending in a ‘glass nozzle. 


A Bunsen burner H is placed under* 
ninth the flask, and the water can be 
heated when it is so desired. Hot 
water as well as cold can thus be used 
in t reating precipitates. Other solutions 
can be employed equally as well as 
water. (See bottle F.) 

The advantages of this system are: 

1. Tne saving of mneh time and 
consequent labour attending the use of 
an ordinary wash-bottle, especially where 
.several analyses are carried on at the 
same time, the exertions required by the 
mouth and lungs being thereby avoided. 

2. No air exists in the tube, as in 
an ordinary wash-bottle, and con- 
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Combined wuter-bath, percolato r , and still. 


Connection is made by a second hole in ! 
the stopper with a reservoir bottle AJ I 
placed above the top of the wash-bottle. 
In the third hole is placed a glass tube 
bent at an angle to keep out dust. On 
filling the flask from the reservoir — the 
flow being stopped by a pinch cock — 
the water is started by suction from 
below, and the stream through the 
nozzle can be regulated or stopped at 
will by a pinch cock placed conveniently 
to the hand, the height of the water 
flask furnishing the pressure, which is 
sqstained by the siphon. 


sccfuently the full force of the liquid is 
utilised immediately. 

3? When ^Ifced with a wash solution 
of ammonia water, no trouble is experi- 
enced with free ammonia, which ordi- 
narily is quite hurtful to the mouth and 
eyes. < 

The large bottle 'E with tfie accom- 
panying tube sbffvs a convenient ar- 
rangement for bolding any station and 
delivering the same. (H. B. Battle.)*, * 
Water-Bath, Percolator , and Still 
Combined. — Figs. 12, 14, show Fenner's 
combined apparatus which c&u fye Used 
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ofts A water-bath, a percolator, a still, 
and evaporator, for making tinctures, 
fluid extracts, solid extracts, infusions, 
syrups, &c., and for distilling, evaporat- 
ing, &c. 

Cements and Lutes. 

(ii. C2-111.) * 

Acid-proof.— (9) See (1). This 
cement is not at all attacked by hydro- 
chloric, and but very little by nitric 
acid. When heated it softens but very 
little. It does not easily dry upon t lie 
surface. If this cement is mixed with 
£ of its weight of litharge, or minium, 
it dries up in the course of time, and 
becomes hard. This is known as “ i>en- 
icke’s Cement.'* 

(10) A luting which will resist acid 
vapours and chlorine, even at a high 
temperature, and is thus applicable to 
chlorine and hydrochloric apparatus, 
may he prepared by mixing three parts 
by weight of fine dry clay with one 
part by weight of the residue left from 
the distillation of glycerine. This mix- 
ture does not lose its plastic properties 
^ven at a high temperature, but is not 
suited for use where it might he exposed 
to atmospheric changes, since the glyce- 
rine which it contains absorbs moisture. 
Hence it should he prepared immediately 
before use. 

Bottle. — (12^ The balsam of Tolu, 
which has been used for preparing the 
syrup, has hitherto been utilised only 
in making a varnish for pills, and it 
therefore accumulates in course of time 
to a considerable extent. A composition 
useful as bottling wax may he prepared 
by etirring into the meltedcJbalsam^Dne- 
tentli its weight of levigated bole. It 
sets quickly, with a fine glossy surface, 
and is less brittle than the wax generally 
employed. »A * mixture of residual 
balsam, aftnber resin^ of each four parts ; 
Venice turpentine, vermilion, of each 
1 part ; melted together and well 

* stirred, &rms sealing-wax of very fair 
^Ifality. 

Cap. — (10) Soulan’s. Make the 

* fcdjpwing solution : — Purified resin, 7 
dr. ; either, 10 dr. ; collodion, 15 dr. 


Sufficient aniline red. Dissolve the 
resin in the, ether, mix it with the collo- 
dion, and colour to taste. All that is 
necessary to apply the mixture is to dip 
the cork and the top of the bottle in it, 
turning it for an instant in ?he hand 
while the composition dries. The result 
is a semi-transparent varnish of pleasing 
appearance, especially if the cork of the 
bottle is previously sealed on top with 
sealing-wax. 

Casein. — (7) Tty heating milk with 
a little tartaric acid, the casein is coagu- 
lated. This casein is then treated with 
a solution containing six parts of borax 
to one hundred parts of water and 
warmed. It speedily dissolves and forms 
a very tenacious, durable, and inexpen- 
sive adhesive medium. 

Cutlers’. — (9) 1C 02 . rosin, ft 02 . 
sulphur; melt, and when cool reduce 
to powder. Mix with this some fine 
sand or brick dust, and use as stated. 
(10) Take a portion of a quill, put it 
into the handle, warm the tang, and 
insert it into the quill in the handle 
and press it firmly. This is a simple 
method, and answers the purpose re- 
quired very well. 

Glass. -'(10) Best isinglass, 1 oz., 
strong acetic acid, oz. ; put in a glass 
bottle, and dissolve by standing in hot 
water. Will join glass, china, &c., &c. 
Make the edges of the pieces to be joined 
hot, and apply the tluid cement. When 
cold this cement is solid; it must he 
inadehotforu.se. (11) Equal parts of 
wheat-flour, finely-powdered glass, and 
chalk; add half as lAucli hrickdust, 
scraped lint, and white of eggs ; mix to 
a proper consistency with water. This 
will resist heat. (1 2) To £-pint of milk 
put a sufficient quantity of vinegar to 
curdle it, separate the curd from the 
whey, and mix the whey wdth the whites 
of four eggs, shaking the u'hole well to- 
gether. When mixed, add a little quick- 
lime, through a sieve, until it acquires 
the consistency of a paste. This lenient 
dries quickly, and resists the action of 
fire and water. 

Glass to metals . — (H) One of 

the best cements for uniting glass to 
| other substances is prepared by putting 



14 


CEMENTS AND LUTES. 


the very best ami purest gum nrabic j 
into a small quantity of water, amt j 
leaving it. till next day, when it should j 
be of the ronsisten ,> e of treaeltf. (kabmn l 1 
(mercurous chloride «r sub-chloride *»f 
mercury)* i* then mlded in a suitable j 
quantity, enough to make a sticky mass, j 
being well mixed on a glass plate with i 
a spatula. No more is t ** be imule tiian j 
that required for immediate use. The j 
cement hardens in a few hours, but it is j 
wiser to leave it to itself for a day or I 
two. To ensure success it is necessary 
to use only the best gum ; inferior sorts 
are absolutely useless, (12) Wieder- I 
hold recommend* a fusible metal, com- 
posed of 4 parts lead., 2 juris tin, and 2j 
parts bismuth, which meJUat 21*2’’ Kahr. 
The melted metal is poured into-the 
capsule, the glass pressed into it, ami 
then allowed to cool slowly in a warm 
place. (Ill) C.iilletet describes a process 
of soldering glass and porcelain to 
metal. The glass tube to be soldered is 
first covered with a thin coating of 
platinum or silver, by treating it with 
a film of platinum chloride or silver 
nitrate, and hcatiug to dull red. A 
ring of copper is next electro-deposited mi 
the platinised tube, which can then he 
soldered like any ordinary metallic tube. 
Solderingi effected in this manner are 
said to In very strong. The top of a 
tube attached to Caillotct’s apparatus 
for liquefying gases terminates in a 
soldered end and successfully resists 
pressure over .'100 atmospheres. 

Glue. — -Dry. (a) Pry pocket glue 
is made from 12 part*, of glue and 5 
parts of sugar. The glue is boiled until 
entirely dissolved, the sugar is dissolved 
in the hot glue, and the mass is evapor- 
ated until it hardens on cooling. The hard 
substance, dissolves rapidly in lukewarm 
water, and is an excellent glue for use 
on paper, (b) Take J lb. of very best 
Scotch glue, melt it in a clean glue pot. 
When quite dissolved, pour off the clear 
part into another glue, pot, add J pint 
boiling water, well mix. Then add 2 oz. 
best moist sugar; well mix the whole 
together, at the same time keeping it 
quite hot. It may then be cast into 
moulds, or poured gently on a marble, 


or stone, or slab. When nearly set, cut , 
into strips for u^e. It is ready for use 
by moistening the strips with the tongue. 

It should he kept in boxes with a little, 
powdered sugar or starch. This glue 
will be found both cheap and effective. 

It. is much stronger than paste or 
gum. 

Hot*water pipe joints.- O) 

flie best packing for cast-iron socket 
hot-water pipes is yarn and white and 
rt l lead (best white hemp yarn pre- 
ferred), used in the following manner : — 
First, caulk home about one round of 
yarn, then put in a ring of red and while 
lead about J-in. diameter, then caulk 
home another round of yarn, and con- 
tinue this alternately until the socket 
i is tilled up to about J in., then finish off 
with wet iron borings, with a small 
quantity of sal-ammoniac, in it (1 oz. 

[ to J cwt. is sufficient) ; let the yarn be 
in one continuous length from the com- 
mencement to finish. Some use all 
borings and sal-ammoniac, but this is not 
safe, as t lie rusting of the borings ex- 
pands so much that it often bursts the 
sockets of pipes. (2) 2 parts of ordi- 
nary well-dried powdered loam and "* 

! part ol borax are kneaded with the 
requisite quantity of water to a smooth 
dough, which must be at once applied 
to the joints. Afrer exposure to beat, 
this cement adheres even to smooth sur- 
faces so firmly that, it can only be 
removed with a chisel. (.’I) Mix 450 
parts in weight of white lead, 520 of 
powdered slate, 5 of chopped hemp, and 
45 of linseed oil. The two powdei s, and 
the hemp cut. into lengths of J - in. 
are mixed, and the linseed oil is gradu- 
ally added ; the mass is kneaded till it 
has l?ssume<?a uniform consistency. This 
cement is said to keep better than the 
ordinary red lead cement. 

Iron. — (18) A permanent and du- 
rable joint can, it is said, be made between 
rough, cast-iron surfaces by the use of 
asbestos with sufficient mixed white lead 
to make a very stiff putty. 4 " This will^ 
resist any amount of heat, and is un 
fected by steam or water. It has been 
used for mending or closing cracks in 
cast-iron retorts that were used for ''the 
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, distillation of oil and gas from caimol 
coal. Tho heat being applied to the 
bottom of retorts and the tempeiaturc 
of iron maintained at a bright led heat. T 
after a time tin* bottom of the retort 
would crack, the larger portion of the 
crack being downward towards the fire. 
The method employed was to jn-epare 
the mixture, and place on top a brick, 
then place the brick on a bar of iron or 
shovel and press the cement upward to 
fill tin? crack in the iron, holding it for 
some time until it had penetrated the 
cavity, and somewhat, set. Of com sc, 
during this operation, the cap was re- 
moved from tlie retort, so that no pres- 
sure of gas or oil forced the cement out- 
ward until set. (Ill) Stir into 1 part 
of sweet oil and 1 part of molasses, ] 
part, each of barytes, Venetian rod, 
litharge, and red lead, and l£ part each 
of plumbago, Paris white, and yellow 
ochre. It takes j-ev era 1 hours to prepale, 
but will remain plastic for years. 

Labels. — (22) Lchner publishes the 
following formula for making a liquid 
paste or glue from starch and and : — 
Place 5 lbs. of potato stal'd) in f» lbs. 
(•II quarts) of water, and add J- lb. of 
• jure nitric acid. Keep it in a warm 
place, stirring frequently for 48 houis. 
Then boil the mixture until it forms a 
thick and translucent substance. 1 >ilute 
with water, if necessary, and filter 
through a thick,, cloth. At. the same 
time another paste is made fiom sugar 
and gum-arabic. Dissolve f> lb. gum- 
arabic and 1 lb, sugar in ft lb. of water, 
and add 1 oz. of nitric arid and heat to 
boiling. Then mix the abo\e with yie 
starch paste. The resultant paste is 
hqijjd, does not mould, and dries on 
paper with a gloss. It is^usefm* for 
labels, wrappers, and fine bookbinders* 
use. (23) 0 Paper pasted, gummed, or 
glued on metal, especially if it. has a 
bright surface, usually comes off on the 
slightest provocation, leaving the ad- 
hesive material on the back of the paper, 
^with a si; /face bright and slippery as 
The cheaper description of clock 
dials are printed on paper and then 
+ stuck on zinc; but for years the diffi- 
culty was to get the paper and the 


metal to adhere. It is, however, said 
to be now r overcome by dipping tho 
metal into a strong and hot. solution of 
washing soda, afterwards rubbing 
perfectly dry with a clean rag. Onion 
juice is then applied to the s’irfacj; of 
the metal, and the label pasted and 
iixed in the ordinal y way. It is said 
to he almost impossible, to separate 
paper and metal thus joined. (24) 
Dissolve 1 oz. gum tragacanth and 4 oz. 
gum-arabic in 1 pint w ater ; strain, 
and add 14 gr% thymol suspended in 
4 oz. glj corine; finally add water to 
make 2 pints. This makes a thin paste 
suitable for labelling bottles, wooden 
oi tin boxes, or for any other purpose 
paste is ordinarily called for. It. makes 
a good excipient f«>r pill-masses, and 
does nicely for emulsions. The very 
small percentage of tin mol present is 
not of any consequence. This past** 
will keep sweet indefinitely, the thymol 
prevent mg fermentation. It will separate 
on standing, hut a single shake will mix 
it sufficiently for use. (2b) 4 oz. rye 
flour, £ oz. powdered gum acacia. Kub 
to a smooth paste with 8 oz. of cold 
water, strain through a cheese doth, 
and pour into 1 pint of boiling water. 
Continue t lie heat until thickened to 
suit. When nearly cold add : — 

1 oz. glycei ine, 20 drops oil cloves. 
This is suitable for tin or wooden boxes 
or bottles, and keeps sweet for a long 
time. (20) 4 oz. rye flour, 1 pint 
water, i dr. nitric acid, 10 minims 
carbolic acid, 10 minims oil cloves, 1 oz. 
glycerine, Mix the 4 lour with the 
water, strain through a cheese cloth, 
and add nitric acid. Apply heat until 
thickened to suit, and add other in- 
gredients when cooling. This is 
suitable for bottles, tin or wooden 
boxes, and will not spoil. (27) 8 parts 
dextrin, 2 parts acetic acid, 2 parts 
alcohol, 10 parts water. Mix dextrin, 
water, and acetic acid to a smooth paste, 
then add the alcohol. This makes a 
thin paste, and is well suitfal for 
labelling bottles and wooden boxes 
but is not suitable for tin boxes. 

Microscopical. — (2) According to 
Dr. L. Heydenreich of St. Petersburg, 
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the best cover-glass should be : — 1st. 
Absolutely hermetic, and should not, 
under any circumstances, require re- 
newal every year. Two or three coats 
of the cement, applied at short intervals 
after an object is mounted, should per- 
manently secure and preserve the object. 
2nd. It should be as hard as glass, or, 
if possible, harder. 3rd. It should not | 
crack nor become' detached, and should ! 
be so solidly adherent as to be less 
likely to break than the glass to which 
it is attached ; and 4th. It should be 
insoluble in water or glycerine, or in 
any liquid used as an immersion medium 
with objectives. Notwithstanding the 
large number of cover-glass cements 
already known and in use, he thinks 
another should be sought for — one 
which shall conform to the foregoing 
requirements. \Ve have commercial 
varnishes, which are very hard and 
durable. Some of them, \ised in the 
linishing of carriages, are found, after 
the lapse of a year, to be in the same 
condition as when first applied. The 
varnish used on tin pans in albumen 
factories remains unchanged for a year, 
although subjected daily, for many 
hours, to a temperature of 10(1° It. 
(257° Fahr.) These and similar 
varnishes are made o f resins, eopal, or 
amber. Of all resins, amber and some 
kinds of copal arc the hardest. Copal 
varnish is both hard and elastic; amber 
varnish is harder than copal, but not 
so elastic, and is, consequently, more 
brittle ; hence, for a cover-glass cement, 
a mixture composed of both should he 
used. Only the best and clearest kinds 
of amber fthe opaque pieces contain 
various kinds of minerals), and only the 
hardest kind of copal — that is, the 
Kast-India or Zanzibar copal — should be 
selected for cover-glass cements. Zanzi- 
bar copal is taken from the earth in 
flat, disc-shaped pieces, varying in 
dimensions from the size of a pea to 
the size of the human hand ; is colour- 
less, yellow, or of a dark red-brown 
colour, and transparent ; the surface, 
rough. Bombay copal comes in larger 
pieces, is of a yellowish-red colour, has, 
when broken, a smooth, glassy surface, 


aud is but very slightly inferior iri ,; 
quality to the copal of Zanzibar. Sierra- 
heonc copal comes in small, ball-shaped 
piece*, about 1 in. in diameter, or in 
pieces resembling drops in shape. All 
the other kinds are softer than those 
just described. The best, solvent for 
resin, fl| r jd the one which possesses the 
most, adhesive quality, is linseed-oil 
varnish, made of pure, old linseed oil. 
Neither alcohol, el her, chloroform, nor 
any other quickly evaporating men- 
struum should be used. In order to 
hasten desiccation of the resin, and to 
obtain for the cement the proper 
consistency, an ethereal oil which, upon 
drying, will leave a surface perfectly 
even, should be added to the mixture; 
and oil of lavender, either alone or 
mixed with linseed-oil varnish, is 
suitable for these purposes. The resins 
being thus dissolved in, linseed-oil 
varnish until the solution attains the 
consistency of syrup, oil of lavender 
should be added until the mixture 
becomes thin enough to use in mount- 
ing microM'opical objects — and the 
cement is finished. The property of 
adhering *<> glass is increased in the 
cement by adding to it a small quantity 
of cinnabar ; but such addition causes 
it to dry less rapidly. In a week from 
the time of using it the cement becomes 
dry, and so firm that the finger-nail 
will make hut a slight impression on 
it. For months it remains in this 
condition. At the expiration of a 
year it is very hard, and has a glassy 
surface. 

Ho much for the component parts. 
The preparation , of this cement being 
somewhat flic ult it would perhaji. be 
advantageous to buy the varnishes ready 
made, and then proceed as follows : — 
taking equal parts of the belt, clearest, 
and hardest amber-vartiisk and copal- 
varnish, mix them # and heatf until nil 
the turpentine ljas disappeared. This 
will require a temperature of 100° to 
150 c R. (257°-370° Fahr.). 'As soon as-* 
all the turpentine has evaporated, W- 
move the dish from the flame, allow it 
to cool somewhat, and then add oi) of » 
lavender to the liquid in proportion of 
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^ to 1 ; mix well, ami allow the entire 
mass to cool thoroughly. The process 
is terminated by adding fiom ‘JO per 
rent, to 40 per rent, of artificial cinnabar 
(rosin with cinnabar), which should be 
very carefully and thoroughly rubbed 
in. The best method for rubbing in the 
cinnabar is that employed in tl%» pre- 
paration of fine oil-paints. Should the 
cement when iini'dicd lie too thick for 
use, as much oil of lavender as will give 
the required fluidity may be added. 
The component parts and their propor- 
tions would then he as follows ; — 

Amber * 2 !> parts 

Copal L’5 

Linseed-oil varnish .. hi) 

Oil of lavender .. .. f»0 GO 

Artificial cinnabar .. 40 GO 

Dr. lleydenreich continues bis article 
by describing the manner in which the 
cement should be applied, but as his 
method is the same as that employed in 
the use of Canada balsam and other 
cover-glass cements, and, consequently, 
familiar to all mioroseopists, it is not 
necessary to make a note of it. However 
ht advises, in order to secure a perfect 
%m*unt, that a second ring be made after 
the first or second week from the time 
of mounting ; and a third, after the first 
or second month ; each additional ring to 
be slightly wider than the preceding one. 

Rubber to mental. — For cementing 
rubber or guttapercha to metal, Moritz 
Grossman, in his “ Year Hook ” for lt<«S3, 
gives the following receipt : — Pulverised 
shellac, dissolved in ten times its weight 
of pure ammonia. In three days tl> 
mixture will be of the required consist- 
ency.# The ammonia pencCjutes 4be 
rubber and enables the shellac to take a 
firm hold, but as it all evaporates in 
time, the rubber is immovably fastened 
to the metal, and ^either gas nor water 
will remove it. 

Rubber and Guttapercha.— (a) 

In making a cement one should know 
pretty thoioughly what is to be ex- 
pe&tld of it before they could advise 
upon it. For instance, an ordinary 
■ubby cement will hold on a host of 
different surfaces and with the best 


of success, except where there is con- 
tinued dampness. For holding to damp 
walls, or surfaces where then* is a con- 
stant pressure of moisture there is 
nothing equal to Jeffrey's mariyc glue, 
I the foimula for winch has been pub- 
lished and republished all over the 
world. It consists of- — 1 part rubber, 
l‘J parts coal tar, and ‘J parts asphal- 
t mu. The rubber, after having hem 

massed, is dissolved in the undistilled 
coal far, and the asphalt um is then 
added. Thi-* glue, as its name indi- 
cates, is oftentimes u^ed for mending 
articles at sea, or patches for instance, 
that aie to he laid on sin faces that are 
to he under water, ami it has been 
found to he a most excellent thing. 

(h) Of glass cements there are a 
gieat mail), rubber as a rule being 
dissolved in some very volatile solvent 
and some haul drying gum is added. 

(< ) A guttapercha cement for leather 
is obtained by mixing the following, 
it is used hot. Guttapercha, 100 
parts; black pitch or asphaltum, UK) 
parts; oil of turpentine, 13 parts. 

(</) An elastic guttapercha cement 
especially useful for attaching the soles 
of boots and shoes, as on account of its 
gieat elasticity it is not liable to break 
orciaik when bent. To make it ad- 
here tightly, the mrface of the leather 
is slightly roughened. It is prepared 
by dissolving 10 parts guttapercha in 
100 of benzine. The clear solution 
from this is then poured into another 
bottle containing 100 pajts linseed oil 
varnish and well shaken together. 

(e) Good rubber cement for sheet 
rubber, or for attaching rubber mate- 
3'ial of any description or shape to 
metal, may be made by softening and 
dissolving shellac in 10 times its weight 
of water of ammonia. A transparent 
mass is thus obtained, which, after 
keeping 3 or 4 weeks, becomes liquid, 
and may be used without requiring 
heat. When applied, it will be frund 
to soften the rubber ; hut when the 
ammonia has evaporated, it forms a 
kind of hard coat, and causes it to be- 
come impervious to gases as w T ell as 
liquids. 


0 
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(/) I)nv)*a universal cement is mail 
by melting 4 parts common pitch with 
4 of guttapercha in an iron vessel, and 
mixing well. It must be kept fluid, 
under water, or in a dry, hard state. 

(</) A very adhesive cement, espe- 
cially adapted for leather driving belts, 
is made by taking bisulphide of carbon 
10 parts, nil of turpentine 1 part, and ; 
dissolving in this sufthicnt gutta- j 
peroha to form a paste. The manner 1 
of using tli is cement is to remove any | 
grease that may be present, on the \ 
leather by placing on the leather a \ 
piece of rag and then rubbing it over ' 
with almt iron. The rag thus absorbs ■ 
the grease, and the two pieces are then 
roughened and the cement lightly | 
spread on. The two pieces arc* then 
joined, and subjected till dry to a slight 
pressure. 

(//) A solution of guttapercha for 
shoemakers is made by taking pieces of 
wade guttapercha, first prepared by ! 
soaking in boiling water till soft. It is | 
then cut into small pieces, placed in a ! 
vessel, covered with coal tar oil, tightly ! 
corked to prevent evaporation, and 
allowed to stand for 24 hours. It is 
next melted by standing in hot, water 
till perfectly fluid, and well stirred, 
liefore using it. mud be warmed as 
before, by standing in hot water. 

(/) A cement for uniting rubber is 
composed as follows: 100 parts finely | 
chopped rubber, 15 of resin, 10 of 
shellac; these are dissolved in bi- 
sulphide ofciyhon. 

(j) Another rubber cement is made 
of 15 gr. rubber, 2 oz. chloroform, 
4 dr. mastic; first mix the rubber and 
chloroform together, and when dis- 
solved the mastic is added in powder. 
It is then allowed to stand by fur a 
week or two before using. 

(/*) Cement for sticking on leather 
patchcB and for attaching rubber soles 
to hoots and shoes is prepared from 
virgin or native rubber, by cutting it 
into small pieces or shredding it up ; a 
bottle is filled with this to about 
l-10th of its capacity ; benzine is then 
poured on till about -J full, but be 
certain that the benzine is free from 


oil. It is then kept till thoroughly 
dissolved, and of a thick consistency. If 
it turns out too thick or thin, suitable 
quantities must be added of either 
material to make as required. 

(/) An elastic cement is made by 
mixing together and allowing to dis- 
solve #ne following: 4 oz. bisulphide of 
carbon, 1 oz. fine rubber, 2 dr. isin- 
glass, » oz. guttapercha. This cement 
is used for cementing leather and 
rubber, and when to be used the leather 
is roughened and a thin coat of the 
cement is applied. It is allowed to 
completely dry, when the two surfaces 
to he joined are warmed and then placed 
together and allowed to dry. 

(in) Cement used for repairing holes 
iu rubber boots and shoes is made of the 
following solution: (1) Caoutchouc 10 
parts, chloroform 1!S0 parts. This is 
simply prepared by allowing the 
caoutchouc to dissolve in the chloro- 
form. (2) Caoutchouc 10 parts, resin 
4 parts, gum turpentine 40 parts. 

F« r t his solution the caoutchouc is 
shaved into small pieces and melted up 
with the resin, the turpentine is then 
added, ar 1 all is then dissolved in £hu 
oil of turpentine. The two solutions 
are. then mixed together. To repair 
the shoe with this cement, first wash 
the hole over with it, then a piece of 
linen dipped in it is placed over it; as 
soon as the linen acftiercsto the sole, the 
cement is applied as thickly as required. 
(Chem. Trade Jl.) 

Stone.— (3). The following metallic 
cement for repairing broken stone was, 
According to Professor Prune, of the 
School of Fine Arts, used in the resto- 
re 1 , ion cdHhe colonnade of the llouvre, 
of the Pont Neuf, and of the Conserva- 
toire des Arts et Metiers. It consists 
of a powder and a liquid. *The powder: 
— 2 parts by weight fc*f oxide of zinc, 2 of 
crushed grit, the # whole inti finitely mixed 
and ground. X)chre in suitable pro- 
portions is added as a colouring matter. 
The liquid : — A saturated solution of ziltfej* 
commercial hydrochloric aci^' to 
which is added a quantity by weight, of 
hydrochlorate of ammonia equal to otfe- 
sixth that of the dissolved^ zinc. This 
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liquid is diluted with two-thirds of its 
bulk of water To use the cement, 1 lb. 
of the powder is to be mixed with 2J 
pints of the liquid. The cement hardens 
very quickly and is very strong. 

Cooling, (iv. 53-87.) % 

W ater . — Freezing M ixtures. — (30) 

A liquid invented by Raoul Pictet, of 
Geneva, for use as a disinfectant, 
answers well as a freezing mixture for 
hardening microscopical specimens. 
Sulphur dioxide and carbon dioxide, 
having been mixed and cooled, are 
compressed until they aie liquid, and 
stored in siphons. When liberated, they 
rapidly evaporate, with great reduc- 
tion of temperature. By this means 
mercury may be frozen, and animal or 
vegetable tissues rendered solid in a few 
seconds. It i* as easily managed and 
more effective than ether, the odour being 
the principal objection. 

(31 ) According to Cailletet and Colar- 
deau, fiocculeut carbonic acid h capable 
of cooling bodies down to — 00° C. at 
the ordinary pressure of the atmosphere, 
anfl down to — 70° C. in a vacuum. If 
file solid carbonic acid is mixed with 
ether, the temperatures are — 77° C. and 
— 103° C. If chloride of methyl is used 
instead of ether, there is obtained a 
temperature of — 82° C. at the pressure 
of the atmosphere, iihd of — 1UG° C. in 
a vacuum, which is equal to 11)0° below 
freezing, or 158° below zero on Fahren- 
heit’s scale. 

(32) The most commonly used mixture 
for obtaining, on a small scale, temper-* 
atures between — 20° and — 40° C. is 
that snow and commercial* hydiw- 
chlnric acid. Since diluted sulphuric 
or nitric acid can by similarly used, it 
was thereby Aiggested that one might 
utilise for this«pur,jpose the mixture of 
equal volunfts of string nitric and 
sulphuric acid which hacLbeen employed 
in a Grove battery and lor which there 

' " 9 us little further use. When first made, 
theM6iixture of acids has a specific 
gravity of about X * 63, and when spent 
aH)uti'57. 

, Bachman undertook to ascertain in 


what mixture this spent acid can he best 
employed for obtaining a freezing 
mixture. The temperature of the 
atmosphere in which the trials were 
made ranged from — 2° to + 2° £.? and 
in each instance the acid was brought to 
the temperature of the air before 
mixing with the snow. Diluting the 
acid with differing amounts of water 
and mixing these with snow, it was 
found that the undiluted acid and that 
diluted with one-tenth of the volume of 
water gave equal diminution of tempera- 
ture. Any large addition of water les- 
sened the cooling effect. The following 
results were obtained : — 


ce. grammes C. 


100 

acid 

and 

225 

snow gave 

fall of 31° 

1 00 

» 

yy 

285 

yy 

32° 

100 

?» 

yy 

340 

yy yy 

yy 

30° 

100 

1101 

yy 

200 

•i yy 

yy 
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As there was so little difference in 
the result when the snow was used 
within so wide limits, it. was found 
most satisfactory to mix the snow with 
the acid until it attains the consistency 
of a thin mush, thus dispensing with all 
weighing. It is to be noted, as is 
explained by tlie above, that when the 
snow is wet, the temperature to be 
obtained with it is almost as low as 
when it is dry, which is far from being 
the case when hydrochloric acid is used. 
It will also be seen from the above 
figures that when working at a tempera- 
ture near zero, the “ spent acids ” 
answer as well as, if nofc better than 
hydrochloric acid ; but when en- 
deavouring to obtain lower temperatures 
than— 30° C. by previously cooling the 
acid, it was found that better results 
w'eve obtained with hydrochloric acid. 
When snow is not available, there is equal 
satisfaction in employing shaved ice for 
this purpose. 

By Evaporation of liquids, (a) Pictet’s. 
— Instead of using sulphurous acid, as in 
his previous machines, Pictet usdfc 
mixture of sulphurous acid and carbonic 
acid, which has received the name of 
« liquide pictet.” The boiling point of 
this liquid under atmospheric pressure 
is at — 19° C. f and at a temperature of 
c 2 
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-f* f>0° C. the pressure of the gas is only 
half that of pure sulphurous acid. 
The inventor has some theory, according 
to which there takes plan* ail actual 
chcmiqjil combin ition of the molecules 
of the two gases when they are being j 
liquefied under pressure; and it is due ! 
to this propel tv that the work expended , 
in compression is imudi sm iller than in ■ 
any other working ug«*nt. The “ lnpnde I 
pictet ” is not infhunmable, and can i 
even be n.s« <1 for the extinction of tires. , 
It. has the further advantage of leaving 
a greasy dew upon the surfaces of the 
cylinder, piston roil, valves, An\. render- : 
ing special lubrication unnecessary, j 
The generator consists of a system of ! 
.seamless copper pipes communicating j 
with a chamber, at the bottom of which I 
the liquid enters, whilst the gas is 
drawn otf from the upper part. The 
arrangement of pipes is such as to 
facil.tate an eilicient circulation 
throughout the whole of the generator. 
The pump is provided with clack j 
valves ; but to avoid the risk of break- j 
age each valve is controlled by two j 
springs, one pressing it. down on its seat, 
and the other acting as a stop when it 
rises. 

(I>) Perkins’s. — Tho principle of the 
apparatus is extremely simple, and can 
best be illustrated by the well-known 
lecture experiment intended to show the 
absorption of heat when liquids of low 
boiling point are evaporated in vacuum. 
If of two bulbs which are connected by 
a pipe, one ty* filled with a mixture of 
water and ammonia, and heated, the 
ammonia will distil over, and may he 
condensed in the other bulb if this be 
artificially cooled. Some water will 
also pass over, but eventually the 
liquid in the second bulb will be richer 
in ammonia than that in the first bulb, 
and if the source of heat be withdrawn, 
the ammonia will boil over aud return 
to the first bulb, whilst the second bulb 
wiH be cooled far below the temperature 
of the cooling water previously applied. 

The construction of the apparatus 
itself is of the utmost simplicity, and 
will be readily understood from Fig. 
1 5. There are two horizontal tubes C D 


closed at the ends and placed horizontally 
the one above the other. * They are 
joined by a short vertical tube F at 
either end, which reaches about, half ' 
way down into the cavity of the lower 
tube. This part of the apparatus is 
called by the imentor the 4< combiner,” 
became in it th'* water and ammonia 
rombineag n when the ammonia vapour 
pa.ses ovi fiom the “ receiver " II 
through tl connecting tube shown on 
t lie top. lie receiver is also an iron 
tube, and » placed in the cold room, 
or m any other position where the 
olivet of the apparatus is required. 
The combiner and receiver need not be 
placed in close proximity as shown ; 
there may be any distance between 
them, so that the combiner, for instance, 
can be placed iu the basement of a 
building dose to the hot-water apparatus 
if the building lie heated an the Perkins 
system, and the receiver in any other 
part «.f the building, but at a slightly 
higher level. Iu such eases the lower 
tube of the combiner is provided with 
t wo Perkins’s hot -water tubes E, indicated 
by dotted circles, and the same apparatus 
which is u*ed to heat the building Sun 
be employed for supplying heat to t.h$ 
combiner, the hot water being simply 
circulated through the tubes K. At 
Perkins’s factory t his arrangement, is 
aetuilly in use, the hot, water being 
divi rted cither intti the heating pipes 
of the factory or into the combiners ot 
bis cold air apparatus by a soricis ot 
stop cocks, which are manipulated 
j once or twice a day by an attendant.. 

| •Where a heating apparatus is not avail- 
able, the combiner is heated by gas 
i*uing tfrotn the tube B, which ts pro- 
vided with atmospheric burners. The 
whole apparatus is perfectly sealed, so 
that no loss of ammonia (an occur, the 
same charge serving •ver aud over 
again. The profess is as ftrilows : The 
combiner is charged with a mixture o! 
pure ammonia and water, the strength 
being about that of the ordinary com*., 
mercial ammonia. After a ^Tiort 
application of heat the nil* is expelled 
by opening a stop cock, not shown, t4ie 
escaping gases being led though a waiter 
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Steal, so as to avoid the unpleasant snndl surrounding the upper end of the siphon 
of ammonia. The loss of ammonia in tube, and provid« d with small holes at 
blowing out the apparatus is very ! the bottom. Owing to the position of 
trilling, and after tins operation is per- , these holes, only water can find its wav 
formed the apparatus umtains a \ery , into the short cylinder T, and lienee 
small quantity of air, and if left to 1 the siphon draws oil' the w ater w ith- 



itselt there would be a vacuum of about 
25 iu. in it. On applying heat in one 
form or another to the lower tube of 
the comb ; ner, the ammonia begins t<* 
distil over, and is condensed on the way 
to th§ receiver by the acti'jfc of ^u* 
water jacket surrounding the connecting 
tube. A certain amount of w ater also 
distils over with the ammonia; but as 
the specific gravity of ammonia is very 
much less tinn thiu. of water, the latter 
accumulates at t lie tmtlmn of the re- 
ceiver, and is conveyed back into the 
combiner by means of a siphon S, 
pr#Qded w’itli a trap T within the 
receiver. The construction of the trap 
will |je obvious from our diagram. It 
consists of a short vertical cylinder 


out allowing the ammonia to follow. 
During the application^ of heat the 
pressure in the apparatus rises to 70 lb.— 
150 lb. per sq. m. at the most, and 
the temperature within the combiner 
roaches about 270° V. When, after a 
few hours’ boiling, all the ammonia has 
distilled over, the source of heat is 
withdrawn, and the combiner is cooled 
by an externa 1 application o< water, 

I which is allowed to llow* oAor its surtaee. 
The pressure immediately tails, and 
finally a vacuum of about 25 i*. is 
produced, after which the ammonia in 
the receiver begins to boil and distil 
| back into the combiner. In order to 
promote an intimate mixture of the 
ammonia which is passing over with 
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the water left in the combiner, the 
connecting tubes F project some distance 
into the cavity of the lower tube C, as 
already mentioned. By this means the 
mntnouia enters the liquid well within 
its ma£s, and is quickly absorbed. 


Copying. (H. 175-193.) 

Chemical Methods. — (.17) T. 
C. Roche gives the following method of 
making fine blue prints on paper, wood, 
canvas, &c , and only requires washing 
to fix properly. First solution : red 
prussiato of potash, l‘JO gr. ; water, 
k 2uz. Second solution : ammonio citrate 
of iron, 2 oz. ; water, 14-0 gr. The 
solutions should be made separately, 
and, when dissolved, mixed and filtered; 
then pour it into a dish, and float plain 
photographic paper on it for 3 or 4 
minutes. When the paper is dyed, it 
will keep for months. Print in the sun 
for 8 to 10 minutes; then simply wash 
the paper under the tap with running 
water. The result will he a strong 
blue picture on a white ground. The 
addition of a lit tie gum arabic water 
to the above solution, when made, will 
render the colour of the picture richer 
and the whites purer. 

(38) ('hanning Whittaker describes 
an ingenious apparatus of his own 
contrivance for obtaining piints which 
shall be free from the defects produced 
by the printing- frames in common use. 
In the latter the pressure required to 
keep the paper in contact with the 
glass is applied at the periphery of the 
glass and of the back-board. This 
causes the centre of the glass to spring, 
•and the contact of the paper and the 
negative being consequently imperfect, 
only an imperfect print can be ex- 
pected. 

The ordinary printing-frame used 
in photography is an excellent one for 
small negatives, 'when the back-board 
is well cushioned with cotton-flannel or 
woollen blanket, but iu large sizes the 
plate glass is expensive, hard to handle, 
and liable to be broken by any uneven 
pressure. The improvement described 


is simply the adaptation of an a in. 
cushion in place of a solid pad to ensure 
the perfect contact of the sensitive 
paper with the negative. The back- 
board is in one piece, being damped to 
the frame that holds the glass, and is 
covered by a piece of manila paper 
coatej with shellac varnish. Over this 
n sheet of the thinnest rubber is laid, 
and then a single thickness of cotton 
cloth, the whole being secured at the 
edges by strap-iron, fastened by holts 
to the wooden frame. 

The air-cushion is charged by blowing 
from the lungs. A rubber tube, pro- 
vided with a glass mouthpiece, leads to 
a T, one end of which is connected 
with a nipple introduced through the 
hack-hoard and the other end of whhh 
is connected by a rubber tube with a 
pressure gauge. 

Bruits made in this apparatus are 
entirely free from blue tines, or any 
blotches or blemishes due to imperfect 
contact between the negative ami the 
paper. An important addition to the 
apparatus is that by which it is so 
adjusted as to hate the surface of the 
glass always at right angles to the 
direction of the sun’s rays. This i» 
secured by providing two adjustments, 
one by which the glass is rotated in a 
direction opposite to that of the rotation 
of the earth, and another in which a 
secondary axis is c mounted on the 
primary one and at right angles to it, 
so that it can be rotated to the required 
position when the sun is either north 
or south of the equatorial plane. 
r In addition to this the author gives 
some notes of experiments on the 
sensitisij^; liquid, and the proportions 
for' one yielding the best results. When 
the process was first introduced into 
America from France, tty* formula in 
use was as follows: 

Red prussiate of 1 ' pota^jj, 8 parts ; 
citrate of iron rfinl ammonia, 8 parts; 
gum arabic, 1 fart ; water, 80 parts. 

Beginning with the proportions — Ke<^ 
prussiate of potash, 10 parts ; ctymte 
of iron and ammonia, 1 part ; water, 
50 parts — different solutions were ma(|e 
up to the proportions : Red prussiate of 
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jiotasJi, 1 part ; citrate of iron and | 
ammonia, 10 parts ; water, f>0 parts. 

The plan followed was to coat a 
sheet- with a gi\cu solution, and after 
cutting it into strips to expose them all 
to direct sunlight and withdraw tlieni 
one after another at stated intervals, 
thus sriving a diilercnt time of exposure 
to each one. 

The conclusion drawn from these 
experiment a was that each mixture 
would give a deep blue after each | 
exposure, that this would turn to a 
gray if over-exposed, but that 2-3 
minutes’ deviation from the proper 
time of exposure does not maten.dly 
alter the result. The best formula, lie 
finds, w ould be : lied prussiate of potash, 

2 parts; citrate of iron and ammonia, 
d part*.; water, 20 parts. 

An excess of the prussiate lengthens 
the time of exposure, while that of the 
citrate shortens it. 

(119) Below is a formula which hr. 

L. II. L'ludy of the School of Aimes 
has prepared and long used with excel- 
lent results: — 

Solution Ao. 1. — 35 grammes (539 

S rs.) of ferrievanido of potassium 
9 issolved in 230 cubic centimetres 
(8 oz.) of distilled water. 

Solution Au. 2.-53 gi amines (81 (I grs.) 
of citrate of iron and ammonia dissolved | 
in 230 cubic centimetres (8 oz.) of 
distilled water. These solutions must 
be kept, separate. * 

When ready to prepare the paper, 
mix equal parts of Nos. 1 and 2 and 
apply to the paper either with sponge 
or soft cloth, and hang up to drv. 
These operations must be conducted ^n 
a daik room. As soon as the paper is 
dry, •place under negative fit truing, 
and expose to direct sunlight. After 
printing, place in water and wash 
thoroughly. 

(40) A bfcick* process, which will 
compete flfi* favour wjith the above blue 
process, is given in j^ie Photocopie of 
A. Fisch. The process is technically 
jyunvn as heliography, is simple, and 
inexpensive, while the prints are ink- 
^blaek, and are made from drawings or 
* positives and negatives. Wc owe this 


process to Poitevin, but it has been 
slightly improved. 

Sensitising Solution. — Dissolve sepa- 
rately : — 

1. (Sum arnbic .. 0 13 dr. 

Water .. .. 17 rfz. O 

2. Tart ai ic acid .. O 1 > dr. 

Water .... <> oz. 0 dr. 

3. Persulphite of iron o 8 dr. 

Water .. . 0 oz. G dr. 

The third solution is poured into the 
second, well agitated, ami then these 
two solutions united are added to the 
first, continually stirring. When the 
mixture is complete, add sloulv, still 
Stirling, l<»0cr. (3 11. oz. 3 dr.)oi liquid 
acid perchlorido of iiou at 43' ' Baumc. 
Filter into a bottle ami keep away from 
tin light. It keeps well lor a Aery long 
time. 

Sensitising the paper.- -Here especially 
it becomes necessary to sol oil a paper 
that is very strong, well sized, and as 
little porous as possible. By means ot 
a large brush or sponge apply the 
sensitising liquid very equally in very 
thin and smooth coats ; then dry as 
rapidly as possible with heat without 
exceeding, however, a temperature of 
55° 0. (131° F.). The paper should 
dry in obscurity, and be kept away from 
light and dampness ; notwithstanding 
all these precautions it dues not keep 
well long, and if it is desired to act 
with some certainty it is better to have 
a stock to last only a fortnight. Freshly 
prepared it is better than a few days 
afterwards. It should Jbe of a yellow 
colour. 

Printing. — The tracing, made with 
very black ink, is placed in the printing 
frame, the drawing in direct contact 
with the plate; then place over it the 
sensitised paper, the prepared side in 
contact with the back of the t rating." 
There is no necessity to make use of 
photometric bands as the progress of 
insolation is sulllciently seen on the 
sensitised paper during the exposure. 
From yellow that it was it should 
become’ perfectly white in the clear 
portions, that is to say, upon which 
there is no drawing of the transfer or 
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positive cliche that D to be copied ; this 
is ascertained by raiding from time to 
time the shutter of the frame. The 
exposure lasts 10 111 minutes in the 
sun; in summer less, in winter more. 
When the exposure, is ended remove the 
print from the frame, and it should 
show a yellow drawing upon a white ! 
ground. If in the sensitising hath a | 
few rulnc ecu ti metres of a rather highly | 
concentrated solution of sulphocyamdc 1 
of potassium have been added, this bath ! 
becomes hi ood- red and colours the paper I 
the same: in this case the print also 
whitens during exposure, hut then the 
image, instead of being yellow, is led on 
a white ground. This substance, how- 
ever, is, if wc may so speak, inert, or 
without any other action; it is very 
fugitive, and even disappears in a short 
time in obscurity ; it has no other use, 
therefore, than to render the drawing 
or the image more visible after ex- 
posure. 

Developing the Prints. — When the 
print has been sulliciently exposed it is 
taken from the pressure-frame* and 
floated for a minute in the following 
solution, so that the side upon which is 
the image should alone be in contact, 
with the surface of the liquid, avoiding 
air bubbles between the two surfaces. 
Otherwise delects would be found in | 
the print ; t.«> ascertain this, raise in j 
succession the four corners. The 
developing bath is composed a* 
follows : — 

rial lio acid (or tannin) ...'51-4-0 gr. 

Ox al ..]] 

Wate 34- o/.. 

In this bath the orange yellow or red 
lines are changed into gallate, or t annate 
of iron, and form, consequently, a veri- 
table black writing ink, as permanent 
as it. The pi int i> then plunged into 
cm dinary water, well rinsed, dried, and 
the print is now finished. The violet- 
black lines becomes darker in drying, 
but hufortunately the ground which 
appears of a pure white often acquires, 
in drying, a light violet tint. For 
prints with half tones this is of no 
importance; but for the reproduction 


of plans, for example, it is very ob^ 
jectiunable. By this process we have 
the satisfaction of obtaining a drawing 
in black lines similar to the original, 
and in most cases this is sufficient. 

(41) The i'tijncr Xeitwuj gives the fol- 
low ingdireetions lor making an improved 
“grap^ — Soak 4 parts of best clear 

glue in a mixture of 5 parts pure water 
and .5 parts ammonia (presumably liquor 
ammonia) until the glue is thoroughly 
softened. Warm it until the glue is 
dissolved, and add 15 parts of granulated 
sugar and 8 parts of glycerine, stirring 
well and letting it come to the boiling 
point. While hot, paint it upon clean 
white blotting paper, with a broad 
brush, until the blotting paper is 
thoroughly soaked and a thin coating 
remains on the surface. Allow it to 
dry for 12- 3 days, and it is then ready 
for use. The writing or drawing to be 
copied is done with the usual aniline 
ink upon writing paper. Before trans- 
ferring to the blotting piper, wet the 
latter with a sponge or brush and clean 
water, and allow it to stand one or two 
minutes. Place the written side down 
and stroke out any air bubbles, ami 
submit the whole to gentle pressure for ♦ 
a few moments, remove the written 
paper, and a number of impressions can 
then b< taken in the ordinary way. 
When the impressions begin to grow 
weak, wet the surf.iq» of the “graph” 
again. This “graph ” does not require 
washing but simply laving away 
for ‘J4~ 30 hours, when the surface will 
be ready for a new impression. 

, Mechanical Methods.— (6) Per- 
manently moist copying paper. A 
perpetual^ damp copying paper, always 
reaoy for use, is described in the Paper 
Trade Journal. Jt is prepared by 
dissolving 1 lb. of chloride o£magnesium 
in a moderate quantity of warm or cold 
water — about 1 lb. * Whei^ dissolved, 
apply ttiis solution with a brush to 
ordinary copy i if r paper, whether in 
book form or otherwise, or preferably 
by means of cloth pads saturated \qtoh 
the liquid, then place these pads between 
any suitable number of leaves ; apply,, 
pressure, at first very moderate, until 
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•the absorption by the paper is complete ; 
then remove the cloth pads, and apply 
with the press a strong pressure ; it is 
then ready for use. 

Paper prepared by this process will 
remain permanently moist under ordi- 
nary temperature, and if made dry by 
an extraordinary heat, will rcLidit its 
moisture upon being subjected to the 
common atmosphere. 

One advantage of this method is, that 
the sheets of paper will not adhere to 
each other, as is frequently t he case 
when the paper is prepared with com- 
pounds containing glycerine, &c. The 
above process is patented. 

( 7 ) Any kind of opaque drawing 
paper in ordinary use may he employed 
for this purpose, stretched in the usual 
way over the drawing to he copied or 
traced. Then, by the aid of a cot Ion 
pad, the paper is soaked with benzine. 
The pad causes the benzine to enter the 
pores of the paper, rendering the latter 
more transparent than the finest tim ing 
paper. The most delicate lines and tints 
show through the paper so treated and 
may he copied with the greatest ease, 
for pencil, Indian ink, or water-colours 
• take equally well on the benzinised sur- 
face. The paper is neither creased nor 
torn, remaining whole and supple. 
Indeed, pencil marks and water-colour 
tinting last better upon paper treated 
in this w\ay than 411 any other kind of 
tracing paper, the former being rather 
difficult to remove by rubber. When 
large drawings are to he dealt w it h, the 
benzine treatment is only applied in 
parts at a time, thus keeping pace with 
the rapidity of the advancement of the 
wor^. When the copy is couple ted^ the 
benzine rapidly evaporates, and* the 
paper resumes its original white and 
opaque appearance without betraying 
the faintest ynce of the benzine. If it, 
is desired fix* lead-pencil marks on 
ordinary drawing %v tracing paper 
this may be done by*wetting it with 
milk and drying in the air. 
«£incotypes. — (u) According to 
Volkner ( Photographic Times), the ori- 
•ginal for a heliographic reproduction 
must be ejtremcly sharp in outline. A 


reversed photographic negative* upon 
glass, * or J the original size, is first 
made. This reduction renders the lilies 
still sharper and moio delicate than in 
the original. A gelatine solution to 
which is added sugar, lamp bkick, alco- 
hol, ammonia, and creosote, is then 
prepared, and with it a .sheet of photo- 
graphic paper is coated, and laid upon a 
p ate glass careful h le\ellcd. As soon 
as the gelatine mixture has set, the 
J coated sheets are hung upon cord--, and 
after di ving, are kept in a perfectly dry 
- room. The quantity of the pigment is 
pinpoitioua! to the chai actor of the 
| original to be reproduced, one-tent b of 
j it bring the maximum, one fortieth the 
| minimum, the former lbr fine and deli- 
| cate drawings in line manner, the latter 
for other w oik. The prepared pigment 
paper is sen-iti.'-ed m a bichromate of 
potash hath, 1-la, and laid face down 
upon a careful I \ -cleaned plate-glass, and 
dried in a stioiig current ol air. Im- 
mediately before using it the paper is 
detached from the glass. The exposure 
tinder the reversed glass negative is 
made in an ordinary printing frame, the 
time adjudged by a Vogel photometer. 
After printing the pigment paper is taken 
to the dark room, and in a cold-water 
hath, transfer! ed to a sihered copper- 
plate, picture side down. Removed 
from that bath, the paper is squeezed 
and dried with blotting paper. After 
I f» minutes another cold-water bath is 
I used to wash the bichromate from the 
| lion-exposed parts. In J hour it. is 
[ taken up, well rinsed, ntid subjected to 
I a warm water bath of "aP to ;>r>° (\ to 
j dissolve the gelatine not acted upon, 
j that is to develop the gelatine relief 
, upon tin* silvered copper plate. After 
| a short time the water penetrates t he 
, pores of the paper, dissolved black gela- 
: tine oozes from the film, indicating the 
beginning of the development; in about 
! .*10 minutes the papi r is detached, lloals 
upon the surface of the hath, or jjan he 
lifted up with ease. The rest of the 
gelatine is dissolved in a few minutes, 
j and the relief, a copy of the original, 
appears gradually upon the coppe. -jdate. 
Tlie development is continued in another 
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bath of warm distilled water, till all 
remaining fog or dirt is totally removed 
from the interstices of the relief, and 
the picture stands out clear and distinct, 
upon tin* plate. Finally, it is well 
rinsed with water and diicd spontane- 
ously. 

To make tlm relief plate conductive, 
powdered graphite is spread over it with 
tampon and a soft brush ; afterwards it is 
placed on the kathode of a Darnell trough 
apparatus, and a /.me anode used to 
accelerate the precipitation of copper. 
In an hour or less the heliograph ir 
relief plate is sufficiently covered, the 
plate is taken up, cleaned and nnsed, 
and again placed in tic* tiough. To 
promote the lone of chemical action, 
caused by the electric current, an iron 
anode is inserted. Alter Jo J4 days 
the plate will be of the dc.sircd thick- 
ness, and is, therefore, then taken from 
the trough, rinsed with water, and 
dried; the edges are tiled off, and the 
pat.rix removed from the matrix. Doth 
plates are w**ll washed. Adhering 
parts of the gelatine relief are care- 
full v removed. 

If the plane of the gelatine relief has 
been perfectly clean, and free from any 
tone, the intaglio plate is also smooth, 
lustrous, and printable. Matt spots are 
wiped oil* with oiled tiamiel and rotten- 
stone; tone and impurities are scraped 
and liurniihcd ; other defects, which but 
rarely occur, are lelouciied with needle 
and graver. 

Tiie first impressions made from helio- 
gravure plat, c;sw are always rough, and 
retouching them should not be under- 
taken till a number of prints have 
been made. They are in every way 
equal to engraved copper-plates, and 
with them there is a great, almost 
incredible, saving of time. Heliogravure 
plates, maps of t lie Austrian Kmpire, 
made in fifteen years, would have taken 
generations to engrave. Before large edi- 
tions are printed galvauo-plastic reliefs 
are titjccn from the intaglio plate. From 
them new copies can be made, in case the 
original should sutler in course of time. 

Steel facing. — An important substi- 
tute for multiplying copper-plates by 


gulvanoplusty is to face them with steel., 
It is used for plates like objects of art, 
which never require correction. When 
a copper-plate is placed on the cathode 
suspended in a solution of sesquiehloridc 
of iron, and subjected to the action of 
the galvanic current, it will in a short 
tune If i covered with a delicate and 
lustrous cuticle of iron, hard as steel. 
There i> no diilerence seen in t lie prints 
taken from plain copper or steel-faced 
plates. The iron gives the plate an 
e\traoidinary durability, and many 
thousands of prints can be made from it. 
Jn case the steel cuticle has been un- 
sound, it can be easily taken olf and 
renewed.. The plate is laid in sulphuric 
;uid, diluted so much that it will nob 
attack copper; hut it loosens the steel, 
which IdisLers and comes otf in scales. 
The plate is ug.un washed heforu another 
stecl-f.ieiug. The process is carried on 
in a peculiar dark trough, Aitli a cell 
zinc carbon battery; the electrodes 
are placed Vertically. The suitable iron 
solution is made by the current. One 
part of chloride of ammonium is dis- 
solved in 10 parts of water, and in it 
are placed iron plates, as kathode atwl 
anode. \\ lieu the circuit is closed a, 
chemical action takes place, the chlorine 
of the chloride of ammonium unites 
with the iron of the anode, forming 
se.squicliloride, which remains dissolved 
in the bath. Witiiii^l-2 days the bath 
assumes a greenish colour, its surface 
turns red, owing the formation of hy- 
drate of oxide of iron from contact with 
j air, and metallic mirror appears on the 
lyitliode. The bath is then sufficiently 
saturated, and in place of the iron 
kathode the copper plate to be steeled 
is ifisertiff The plate must, of course, 
be absolutely clean, and is therefore 
washed in caustic potash^ rinsed, and 
any possibly adhering alkali neutralised 
with sulphuric acid, t/asffed again and 
dried. Scam on i, ofltit. Petersburg, makes 
very durable places by first precipitating 
nickel upon the silvered relief, and then 
allowing the copper to build up till Afre 
desired thickness is reached. His lKth 
is : 45 parts water ; 5 sulphate of nickel^ 
and 1 to 1} of chloride of ammoniiiln. 
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t rhotu-chenngrnphy. — A plate of zinc 

or any other metal is coated with a 
mixture of gum arabic, w ater, grape 
sugar, bichromate of potassium, ami a 
few drops of ammonia, and exposed to 
light under a glass positive. After ex- 
posure the plate is removed to the dark 
room, and etched w ith a strum volution 
of perehloride of iron. Strong lines are 
attacked iirst and etched deeply, the 
thin and delicate parts afterward*. 
The process lasts but 5 minutes, and 
after cleaning it may be printed from 
at once. To give the plate more dura- 
bility it is copper-plated and eventually 
steel -faced. The copper-plating of zinc 
cannot be done by electrotypes of the 
sulphate of copper : the free suiphiuic 
acid will attack the zinc. Instead of 
it sub-cyanide of copper (Tit’y fhnpfei- 
eyamir) is used. When cyanide of 
potassium is added in excess to sulphate 
of copper, # tlie copper electrotype fuCy 
is formed :CuJSo 4 -f 2l\<’y = CuCy + 
K a SO + ■+• Cy. Sulphite of sodium added 
previously to tin* exanide of potassium 
changes the cyanide into prussic, acid, 
the sulphite of sodium into sulphate: 
•Cy a + Na.,SO a + 11,0 =t 21KV -f 
Na„S0 4 , Ammonia added to the solu- 
tion forms, with the prussic acid, e\ annlc 
of ammonium NH 4 Cy. Two solutions 
are made, (1) 140 parts sulphate of 
copper, 840 water ; (2) 140-200 cya- 
nide of potassimjj, 1000 of water, with 
the addition of sulphite of sodium and 
ammonia. The solutions are then mixed. 
The zinc plate to be copper-faced is 
placed ou the kathode. The current is 
generated by two zinc-carbon elements. 

Gal vano-causties. — The elect ro-neg.i- 
tiye substance of tlie electrotype, e. g. 
the* acid of salt, or the cfiTorinP r of a 
chloride, unites chemically with the 
anode, forming a soluble combination 
which etches the electrode. Ghroni- 
gelatine yiper if exposed under u trans- 
parency, inked with toller, and developed; 
the negative pictured transferred upon 
a copper-plate which makes the picture 
a&etaUic-lustrous. The covered parts 
resist etching. The sulphuric acid liber- 
» ated by electrotypes combines with the 
copper ; it etches the plate. 


In galvanograpliv and slilogrnphy 
I the plate is coated with the fatty 

■ matter coloured with ochre or lamp- 
; black. A drawing is made upon it with 
. the graving tool, the plates are made 
I conductive by graphite, and by placing 

them in the trough apparatus relief 
is made fiom that on intaglio plate. 

Nature-Punting. — Natural objects 
like parts of plants, or laces and other 
open fabrics, are pressed in guttapercha 
| or lead, and galvano-plastie matrices 
1 made from them. If lace be the object 
i to bo reprodmed, it is pasted with gum 
j upon a steel plate, a sheet of lead placed 
( upon it, and subjected to a high 
I pressure, belief or intaglio plates are 
* made this way; the foi hut answering 
i well for typographic printing. 

I Type-Printing.' — Stereotype* are now 
! substituted by galvano-plastie copper 
i precipitates. The iorm i* impressed in 

■ guttapercha, the copper graphite*), and, 

, moistened with alcohol, laid in the 

galvano-plastie apparatus. When the 
copper is Miiiicicut Jv thick, the plate is 
I taken up, the re\er*ed side and edges 
planed oil’, and hacked with ordinary 
j type-metal. Woodcuts similarly treated 
; give galvano-plastie copies from which 
70,000 to 80,000 pi inis can he made. 

Plain Copper-plate*. — At the time 
when copper engrax ings were used 
exclusively in the Institute, the plates 
were made by the galvano-plastie 
process with the aid of a twelve-cell, 
zinc-silver battery (system Since). 
Now such plates are only made for the 
pat rices in heliogravure. The. last 
j daguerreotype plates in the American 
market were also galvano-plastie. 

Magneto-electric and Dynamo-elec- 
tric Machines. — Improvements intro- 
duced in the mechanical arts in modern 
times have also been introduced fur the 
generation of the electric current in 
electrolytic operations. Magneto-elec- 
tric and dvnamo-olectnc machines have 
been substituted for the hydro-electric 
cell, by which the liberation of injurious 
gases and interruption of the work is 
entirely avoided, and more uniform and 
accurate work obtained. Machines for 
continuous currents are preferred with 
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wire twists of considerable diameter, 
ami wire of but little resist aloe, so as 
to generate a current great in quantity 
but of little intensity. 

(b) Mantel, director of the stereo- 
type foundry of l>u pout’s printing 
house, describes as follows the process 
of converting a lithographic or copper 
plate print into a typographic block. • 
The composition to he reproduced is ( 
drawn with a crayon or p«*n upon a 
lithographic stone, which undergoes all 
the preparation necessary for a proof . 
upon transfer paper. It is then trails- | 
feired to a plate of properly planed I 
zinc, which lias been washe 1 with a . 
solution of si nla or potash and dried j 
with a rag. The transfer is made just : 
a.s if it were uquestiou of an impression : 
ii poll stone, tl.ire is taken to see that 
the fine lines of the di awing are all 
reproduced, and, if they are satisfactory, 
gum water, alone or with the addition 
of a decoction of nut gal Is, is passed 
over the surface of the zm<*. The gum 
combines with the zinc, ami renders it i 
proof against the contact of fatty | 
matters. 1 

After the plate has remained under \ 
gum for a little while, it is washed and ! 
then inked with thick ink by means of 
a lithographic roller, just as would be 
done for pulling a proof from stone. 
Then, by means of a cotton duhher, 
resin m impalpable powder is dusted 
over the entire surface — although finely 
powdered bitumen may likewise be 
used. This resinous dust adheres to the [ 
oily parts, solidifies them, lodges in all j 
the interstices formed when* the inking j 
has been slight, and forms a protecting • 
envelope against the penetration of the 
acid, (’are is taken to remove all the j 
mi peril nous resin. j 

The edges and bottom of the plate 
are now covered with lacs vanish ora j 
solution of bitumen, after which it is 
immersed in a hath of water containing 
5 per cent, of nitric acid. After re- 
maining in this for 20 minutes, it is 
taken out and gently rubbed with a 
piece of soft charcoal — an operation 
which, by removing the first layer of 
ink, allows the beginning of the conver- 


sion of the drawing into a typographic 
plate to be seen. 

This first bit mg in is usually very* 
slight. If it has proree led regularly*, a 
second inking is given before immersing 
the plate in the bath again for another 
20 minutes. Upon being taken out 
the secofil time the ink is removed as 
before, and the |>l.it o is examined to see 
whether the acid has done its duty. 
Then a third inking is given, and the 
plate is immersed again for 20 — 25 
minutes. 

At every* biting in, the strength of 
the bath l*; increased 2 hy* the 

acetoinetcr. It is laiely the case that 
a fourth biting in is necessary. The 
trough containing the bath is of oak 
lined with either guttapercha or sheet 
lead. It is fixed upon a pivot that 
allows it to be given a continuous 
rocking motion while the plate is 
immersed. This agitation is indis- 
pensable in order that, the acidulate l 
water shill constantly flow over the 
plate and carry away the salts of zinc 
that are formed. 

The transfer of the drawing from 
stone to the zinc plate is effected in a«* 
lithographic press. Only line drawings 
arc treated by this process. 

The zinc plates are prepared by 
specialists. Moreover, if it be desired 
to write, draw, or make a transfer upon 
a zinc plate, it, is essential that the lat- 
ter shall undergo various preparations, 
such as polishing, scouring, &c. If 
these, operations have been properly 
performed there will be obtained good 
typographic plates that it will he only 
necessary to mount upon w r ood after 
the whites have been routed put. 
Fin; iTly, t he blisters are removed with 
a graver, all the inequalities are 
straightened out, and all #the small 
defects oIkoi v»*d are remedied. As for 
typographic } dates derived f from an 
engraving on steel fir copper, instead of 
making a drsiwfhg upon stonp, the 
engraving is transferred thereto, and 
from this is pulled a proof upon hid** 
paper, which is transferred to the zinc 
plate. ( Chronique Industrie lie.) 
Mounting Drawings and Tracings 
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One of the most, common details in the 
routine of the drawing-oflice is the 
mounting and repairing of tracings ami 
drawings which have either been made 
on paper too flimsy to stand the wear 
and tear which they w ill have to under- 
go, or which are falling to pieces fioin 
the rough treatment which titey have 
received in the shops or elsewhere, 
lake many other minor details, it often 
fails to reoehe the attention whi«h, if 
paid to it., would he amply repaid. It 
is usually the f.rst task assigned to a 
new pupil, wi o, fimn ignorance of the 
materials used, and of the best method 
of setting about his work, too often 
“ makes a mess of it.” To avoid this, 
and to save the time which it occupies, 
it is a very common practice to use 
tracing-cloth *’ for all tracings which 
are likely to he frequently handled and 
folded, livery one knows tli lsagree- 
ablc nature of this mateiial. From its 
“grenpiness,” as compared with ordinary 
tracing-paper, a u greasiness ” which 
cannot he overcome by ox-gall, it is 
diflicult to make the ink u lie,” and, 
from its non-ahsoi bent qualities, the 
•lines take much longer to dr\ and are 
more liable to he smeaied. As the ink 
lies on the surface, the lines are liable 
to wash, and any colouring that mav 
be necessary has to be applied cn the 
back or wrong side, and any erasure 
that may he neeeflfcarv, or any accidental 
drop of water, leases a disagreeable 
white mark. !t is no exaggeration to 
say that three tracings may he made 
on ordinary tracing-paper in the time ( 
requirt l to make two on tracing-rlolh. j 
The method which we are about, 
describe is not only satisf^torv lmt 
very easy, aud requires only ordinary 
care, and no special skill. 

Let us* suppose that w'e wish to 
mount a tr%cinjj^ We take a drawing 
board, which must be perfectly clean 
and made without due iu the joints, 
and lay it on a tables or on trestles, if 
possible, so that we can get at it from 
W sides. We then take a stout piece 
of calico, about an inch larger all round 
thgn the tracing to be mounted, and 
pin it do^n with a tack at each corner 


on another table, w lm h we have pre- 
viously covered with old newspapers. 
We then lay the trat ing face downwards 
on the drawing-board, and with a soft 
sponge wet. it thoroughly all over. 
Then, raiding first one half ol the tracing 
and then the other, we flood the board 
well with clean water. The tracing 
now* lies floating on a thin film of water. 
Then, taking a luoist sponge and com- 
mencing at the centre, ami working 
outwards toward.- the sides in turn, w t 
press the tracing down on to the board, 
during the water out at the edges. 
In the same manlier we work out all 
the water from each corner in turn, 
always walking from the centre to the 
edges, and taking care to leave no 
“ blubs v of air or water behind us, and 
wiping ofl all superfluous moisture from 
the top or back of the traiiug. liy 
| wcwiug it. slantwise across the light, 

| it is easy to see if this lias been propel ly 
done. If it is an old or badly- torn 
tracing, W’e can easily lit any detached 
pieces and, as it woic, glue them down 
in their place on the hoard with the 
water. If it is necessary to unite two 
sheets, we first lay down the larger, if 
n£ ditlerent size, as above described, and 
then the other, commencing from the 
point of junction and working outwards. 
Then, with a stout brush we spread 
the paste — which we suppose already 
prepared- - well, and evenly over the 
calico, heating it thoroughly into the 
interstices of the cloth and taking care 
to lea\c no lumps or superfluous 
quantity, and, if mcessary, picking off 
any bristles out of the brush, ko, 
Then, taking it by the corners (thi 
the only part of the operation in which 
any assistance is required) and turning 
it over and holding it at full stretch, 
we lay it on the tracing, taking care 
that, as far as possible, every part shall 
come in contact at the same moment. 
Once down it must not again be lifted, 
or it will probably pick up any loose 
pieces and remove them from their 
proper positions. Then, with the wet 
sponge, we proceed to press down the 
cloth in the same manner as we have 
previously spread the tracing, driving 
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all air-bubbles out at the edges and 
wiping off all superfluous moisture. 
Then, turning hack each corner in suc- 
cession, as at B,, till we can just, see 
the corners of the tracing, we stick in 
four tacks or drawing-pins, not to hold 
it down, but merely to mark the 
corners. A A (Fig. t‘>) is the board; 

H’. 


with a sharp knife from tack to tack, 
and the tracing will fall off. Il the 
I paste is good, it will he easier to split 
| tin* paper than to tear it off the doth. 
I The remaining strips of doth may then 
| he torn oil' the board, and the board 
j washed fiec from all traces of paste for 
‘ lu tu re &e. 

I It might be supposed that the colour- 
! ing would run, and the lines be found all 
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blotted and blurred after such rough 
usage, but such is not the case. Indian 
\dlow, if laid on too thickly, will oecn* 

, Monally run, but not to a serious extent, 

' and beau lines of I’rusdan blue would 
'probably be found piinted and repro- 
' diiccd oil the hoard, but not blurred or 
j smeared. But the best plan, if a very 
I neat appearance is a .s me % t u<i non, is to 
! colour t be t racing after mounting. The 
j tracing v. ill be found to have a surface 
| for colouring far superior V> the best 
drawing paper, and as all superfluous 
ink has tieen removed bv the process, 
lines and figures may be washed over 
in the most careless manner without 
any fear that, they will run. Those 
who know the care required to wash 
over a hea*y dotted line, will fully* 
appieciate the advantage. 

The absence of all distortion is a most 


| remarkable feature in tracings mounted 
j as above described, and may be readily 
tested by Applying a straight. -edge to 
1 any line. Any expansion or contraction 
is equal in all directions, and may be 
| almost entirely obviated by a careful 
I adaptation of materials. Very thiu 
I tracings should not be mounted on very 
thf k cloth, or vice versa. It will also 
be found that some tracing-pApers will 
expayd vjry much more than others, 
and, as is well known, will, if left free, 


B B, the cloth ; B,, one of the corners 
turned back ; 0 C, the tracing under- 
neath ; c,o„ tacks at the corners. 
Then, pressing the corners down again, 
wc scf aside to dry. if wanted in a 
hurry, it may be dried, not too quickly, 
before the lire, allowing at least two 
hours for this process ; but it is better 
to allow it to dry slowly and leave it 
until the next day. When dry, cut 


contract upon drying to less than their 
former dimensions. But thh* tendency 
is counteracted, not ojily by the fact 
that the tracing remains stretched on 
the board until dry and cut off, but by 
the fac t that the froth will not contract 
upon drying, especially if the pasto is 
well beaten into the interstices. f 
So far we have described the process 
as applied to thin tracings, but it is 
equally applicable to torn, drawings 
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^iipon thick paper and to drawings made 
on Ihc commoner sorts of drawing-paper 
when it is not thought worth while to 
employ the superior qualities which are 
sold ready mounted cloth. Jiy 

soaking old and valueless drawings and 
tracings in water for a few hours, 
cloth may easily he peeled oil anti u 
again. Jf it is desirable to Joan 
margin w ider than that on the un- 
mounted tracing, the cloth may 1 
detached from the hoaid where it 
adheres at the edges by using an ivory 
paper-cutter or a leather-edged scale. 

If small parts of the tracing have been 
torn out and lost, the cloth will, of 
course, adhere to the hoard at these 
points, and must he carefully detached 
in the same manner. If desired, stout 
paper mn\ he u ,ed instead ot the cloth, 
hough n t so good or so easily applied. 
Of course, \^iite calico must be used, as 
unbleached cloth shows an unsightly 
colour tli tough the tiacing. If any 
corrections or erasures should In* neces- 
sary, we recommend the following , 
plan: — To takeout a line, till a draw- j 
ing-pen with clean water, and, sitting 
it* at a rather coarser pitch than the 
•original line, rule over the line. Let 
the water Ijo for a few moments, then 
dry with blotting-paper, and rub out 
with soft rubber, lly repeating the 
process once or twice, the line will ho 
perfectly erased. r khc surface may then 
be polished with the ivorv paper-cutter 
or with the blade of a knife. To take 
out a blot or a shade of colour, use a 
W'et brush instead of the drawing-pen. 
An obstinrte blot may be removed by 
scratching it out with the point of a 
draw jpg-pen dipped in clei^ ^ f er, 
blotting the water off the tracing as 
often os it gets discoloured. This pro- 
ceeding, however, will not improve the 
drawing-pen. # 

We will n^xt suppose that it is desired 
to mount a plan or a map (such as a 
quarter-sheet* of the Ordnance Survey) 
in sections, so as to fold for the pocket 
or^frr insertion into a book. These maps 
usually have a very liberal margin, 
whiejj, as so much waste paper, is better 
cut off. giving, decided on the final 


size, prick the corners through, as at 
an a a (Fig. Id). Turn it lace down- 
wards, and rule lines all muml from 
prick to prick. Then mark it nil into 
the requisite number of squares, which 
must., of course, 1 » of exactly equal size. 
Then number th squares in succession 
before cutting. If this is not done, 
some comical results will often occur 
j through the sections being mounted 
w t i qi Then cut it up. It 

is as well t leave a slight, margin, as 
shown by 1 io dotted lines at bhhb , so 
as to alloy the edges to be iinally 
trimmed iq with a sharp knife. Then 
wit black I eail p< 1 rule two or 
more Inns tli Ira wing-board at 
rid it ngles to e *h other, as r o, d d 
(Fig. lb). Then, having soaked each 
square for about half a minute, lay 
j them one by one i the wetted hoard, 

! coinmeio-ing with the centre sections 
j Lb o, b, 7, and leaving about, J in. be- 
tween each section. When these bine 
been properly placed and stuck down, 
the others, as 4, will follow. Then 
apply the pasted cloth as ahoic directed. 
In removing a map thus mounted in 
sections from the hoard, it will he 
found that in the narrow spaces between 
the sections it will probably adhere to 
the hoaid, and the pupei -cutter must he 
used to detach it, care being taken not 
to “start” the edges, and especially 
the corners, of each section with tlm 
edge ot the cutter. If tin* map is to he 
attached to a book or case, n margin of 
cloth must be left on that section which 
is to he attached. When removed from 
the board, fold it carefully in the 
manner which appears most handy (in 
the above instance, first along the line 
ce, and then along the other lines back- 
wards and forwards alternately), and 
press it for a short time under a heavy 
weight. It will afterwards naturally 
and without difficulty fold in the same 
manner. Ju the case of a larger map 
with three or four rows of sections, 
first fold all the horizontal and then all 
the vertical lines, or vice versa, and 
always in a zigzag form, alternately in 
and out. The above process, though 
rather complicated to describe upon 
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paper, is remarkably easy to put in 
practice. There is, however, one class 
of drawings, or rather engravings, to 
which it is not applicable. We allude 
to those upon unsized paper, such as is 
employed for the French Go\ eminent 
maps, atnl for some lithographs. This 
when wetted, becomes as tender as wet 
bio ting-paper, and is \ery difficult to j 
handle. We have sometimes employed I 
the following process : — Having arranged j 
the sections, dry or only slightly damped, 
on the board, we strain the cloth, which 
miibt be of an open texture, tightly 
above them, and then apply glue, as hot 
and liquid as possible, to the back. ; 
This, penetrating the cloth, w ill produce 
the required adhesion. 

Desiccating, (iv. ios-110.) 

Air Ovens.— (■') The air-lmth j 
ordinarily used in chemical laboratories ; 
for drying precipitates, for making : 
determinations of water by loss, ,md for 
similar purposes, is usually a rather 
expensive piece of apparatus. The iron 
or copper closet, with its door, tubulure 
for thermometer, shelves, stand, &c., 
works no more satisfactorily because of 
its somewhat elaborate or difficult | 
construction. In Fig. 17 A, is shown a ! 
simple substitute for this apparatus, \ 
that as regards simplicity cannot well j 
be excelled, while its other good features 
certainly operate to commend it. It 
consists of an inverted flower-pot sus- 
tained upon an ordinary tin pan or sand 
bath, the whole being carried by a tripod 
or retort stand. The aperture at the 
top serves to receive a perforated cork, 
through which a thermometer is passed. 
An ordinary Bunsen burner is used to 
heat it. As the sand bath directly over 
the burner becomes very hot, it is 
advisable to invert a second smaller sand 
bath within the first, as shown in B. 
This, prevents too direct a radiation of 
heat from the hot metal. Upon this the 
little stand or bent triangle supporting 
the crucible or watch glass containing 
the substance to be heated may be 
placed. The thermometer should be 


thrust down through the cork until its 
bulb is near the substance to be dried, so 
as <o obtain a correct indication of the 
temperature at that point. The entire 
arrangement is shown in external view 
in A. 

To place a vessel in it or to remove 
one, tUv. flower-pot is lifted oil’ the sand 
baths. It will he observed that its 
porous nature provides a species of 
ventilation, while its composition 
assures it against, corrosion. It even 
protects the plates* below to u consider- 
able extent, as drops of water or other 
fluid cannot run down its sides as it 

COIlIs. 

But convenient as it is in the role of 
air bath for simple drying operations, it 
will be found more so where drying 
tubes or retorts have to be manipulated 
at constant temperature. The flower- 
pot can be perforated at apy place, and 
boles of any size or shape can be drilled 
and cut through it with an old knife, 
file, or other implement. Thus in C 
it is shown in use for drying a sub- 
stance at constant temperature iu a 
straight drying tube. The boles to 
receive thi«tube can be drilled in aftw 
minutes. The arrangement as shown is* 
of the simplest kind, but if the usual 
bath was used, it would require a 
special tabulation to be introduced or 
contrived for the tube to passthrough. 
Flower-pots cost a*, little that there 
need be no hesitation in preparing them 
for special uses. 

In I) a U tube is shown as being 
heated, while iu E a retort occupies 
tfnc bath, and is in use for fractional 
distillation or other operation requiring 
a cpnstfj^t temperature. In all cases it 
is better to use the second bath inverted 
within the chamber. It conduces greatly 
to the maintenance of an even tempera- 
ture throughout the wfyole space. A 
hint may also be taken frogi the heavy 
drying plate formerly perhaps more 
used than at present. If for the light 
metal pans a heavy plate § in. or more 
in thickness is substituted, thetemy^a- 
ture will not be subject to as rapid 
variations, and less difficulty will hr 
experienced in keeping q constant 
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with reasonable quickness without 
danger of spurting, and it also acts by 
capillarity to absorb the water directly. 
It represents in the last respect the 
porous tile or blotting paper — appli- 
ances too little appreciated by chemists 
here, it must he remembered that the 
drying of a precipitate by evaporation 
leaves all the impurities of the wash 
water concentrated therein, while 
capillary absorption removes a great 
part of both wa>h water and its 
impurities, thus conducing to the 
accuracy of the work. (T O' Conor 
Sloan e, J'h D.) 

( [1/ ) Hearing in mind tlr* universal and 
indispensable utility of the air-bath to 
the chemical analyst, one might expect 
to find much variety and perfection in 
the design and construction of such an 
important piece of apparatus. Strange 
to say, this is not so. 1 very much 
doubt if there is to be found any piece 
of chemical apparatus in the chemist’s 
laboratory that has received less atten- 
tion, or stands more in need of it. 

This fact was forced upon my atten- 
tion by the great difficulty found in 
bringing certain hygroscopic substances 
to a constant weight, and 1 soon dis- 
covered that the attempt was hopeless 
with the ordinary instrument, the 
reasons for which were not far to seek. 
In the first place, in the. ordinary bath 
it is impossible, to maintain a uniform 
temperature throughout the whole of 
the drying chamber, for, even with the 
help of a theamostat, though it may be 
regulated with accuracy for some one 
special portion, other parts will in all 
probability be found to be several, 
indeed many, degrees hotter or colder 
according to the circumstance, so that 
to dry a substance, say at 100° C., the 
bath, though regulated to stand at this 
poiut for the spot where the ther- 
mometer is placed, is no assurance that 
the thing to be dried is exposed to the 
terffperature desired, and if the object 
is of any considerable bulk the proba- 
bility is that one portion of it may 
extend into a region that is much below 
a hundred, and another into a place that 
is much above a hundred. Naturally 


the greatest heat is found near the floor,*' 
where the thermometer is never placed, 
and the least heat at the sides aud in 
j the corners, where radiation and stag- 
| nation mostly take place; but more 
i especially it is cold in the lino of 
' draughts that, proceed from the chinks 
! of the" dour and through the primitive 
■ contrivance that is usually provided for 
| vent ilatiou. In these parts the tempera- 
j tur** may be very little above that of 
; the external atmosphere. No wonder 
| then that 1 lie complete drying of delicate 
i hygroscopic organic substances is found 

* be so difficult, for before the colder 

* part can be made to give up the last 
j trace of moisture that clings so tena- 
I eiously to it, the hotter is over dried 
; and stands the risk of being charred. 

In a case like this there is nothing to 
he got by turning and twisting the 
i thing round so as to expose alternately 
its various parts to the greater heat. 

, In imagination one can see what occurs ; 
by a process of distillation and conden- 
sation the same kind of transference <>. 
j moisture from the hotter to the colder 
j parts takes place as is seen to occur, for 
1 instance, when the attempt is made'* to 
dry a damp flask under similar cirounH 
stances. 

But even this picture by no means 
! exhibits the whole of the perplexing 
| difficulties of tracing and controlling 
| the air currents irf an ordinary air-bath. 
They are so erratic, so fortuitous, so 
delusive, and subject to such uncon- 
trollable shiftings, that, practically 
speaking, it is a question whether 
thorough drying in such a case is 
possible without destruction of the sub- 
Kter / *' v '. At all events the chances in 
favour of it are so slender as not to be 
relied upon. 

Reflecting upon these difficulties, the 
theory of a perfect njethcri for air-drying 
suggested two things as ir lispensable. 

1. A constant, current of pure dry air 
brought to thefiesired degree of tempera- 
ture before admission into the drying 
chamber. 

‘2. A regulated source of heat. '' 

Both these conditions to be und^y 
perfect control. 
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I j»l:ico current first as being the more ! the drying to circulate between the 
important item, and the one to which \ jackets before its final admission into 
hitherto very little attention appears to j the drying chamber, in such a manner 
hate been paid no far, at all events, as ! as to ensure that its temperature shall 
regards the temperature of the current be raised to the required degree before 
\\ hin admitted into the drving chamber, it is allowed to come in contact with 


As for the source of heat, this has been 
brought fairly under eontiol byj"*e\ious 
experimenters by the use of one or other 
of the several thermostats, though 1 was 
unable to discover one quite suited to 
the puvpose. 


the thing to be dried. Moreover, as a 
secondary, but still very important 
consideration, the inlet of the air-supply 
is so placed that the air used for drying 
is kept as distinct as possible from all 
contact or admixture with the products 
of combustion, such pio- 
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ducts naturally being loaded 
with watery vapour and 
( ’( > 2 . The pure air thus 
heated before entering the 
drying chamber is evenly 
did used over the whole urea 
of the bottom of the hath, 
between it and the perfo- 
rated false bottom which 
forms the floor of the dry- 
ing chamber; the air then 
ascends bodily as a solid 
cylinder, and escapes by the 
tall chimney of the domed 
glass cover. In this way 
vigorous circulation of dry 
hot air is constantly main- 
tained, which effects a rapid 
and uniform drying, such 
as no ordinary mr-luith can 
accomplish. We will now 
turn to a consideration of 
the source of heat and its 
regulation. This consists of 
a Bunsen ai^-burner placed 
in the cavity under the 
bottom, but the heat is first 
received upon a solid disc 
of metal, separated by a suf- 
ficient space from the bottom 
to prevent the heat of the 
flame being transmitted 
direct, to the bottom of the 
bath, the object being to 
avoid any localisation of the 
heat. Moreover, the mss of 


To meet these requirements I have j the metal disc, besides acting as a dis- 
diftjgrned the instrument shown in Kig. tributor, also serves as a reservoir of heat 
18. w It consists essentially of a double and assists in maintaining the equa 1 it y of 
jacketed cylinder with air passages, so temperature, but this equality is chiefly 
contrived to compel the air used for provided for by an entirely new form of 

D 2 
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thermostat. It is to ho observed that 
within the two jackets already spoken | 
of is placed an annular copper vosm*1, 
which forms the boundary wall of the 
drying chamber. This is a cylinder 
composed of two thick nesses of thin 
sheet copper, eurloMiig an air-space ol* 1 
5 mm. wide, 9tt cm. circuit, and j 
22*7."> cm. in height. It i' securely 
closed top and bottom, and has a capa- 
city of ] 100 cc. This constitutes the 
heat refill. itiug chamber or tliermost.it, ] 
the cavity of which is cmncctcd up to j 
a U tube, having mercury in tic bend, 
(las is admitted on the other m h* of the 
U, and by means or an arrangement, | 
Mich as is usual in a ga* thermostat, j 
depression of the mercury in one limb ! 
cails oil' the m tin ga-* supply, which can | 
then reach the burner by a small bve ■ 
]»ass only. 1 >v means of a screw at the 
top of the other limb of the U, air can 
be admitted into or allowed 1o escape 
from the regulator. With the rise or 
fall of the temperature, and the conse- 
quent expansion or contraction of the 
air contained in the regulator, pressure 
is exerte l or withdrawn from the 
surface of tin* inereurv, which is 
thereby forced down t he one limb and 
up the other. 

The reference letters indicate as 
follows :-A, Diaphragm completely sepa- 
rating the drying from the combustion 
chamber. B. Perforated false bottom. 
C, Outer jacket. D, Inner jacket. E, 
Copper regulating chamber or thermo- 
stat. F, Buffi." plate. G, Apertures in 
jacket 0 giving admission to air for 
combustion. II, Apertures for the 
passage of air between the jackets for 
drying. I, One of three apertures for 
escape of products of combustion. K, 
Apertures in inner jacket I) for passage 
of drymjf air. L, Burner. M, Thick 
metal plate for receiving heat of the 
flame. N, Mercury U tube. (>, And its 
connection with copper regulator. I*, 
ScrdVr whereby the degree of heat is 
regulated. K, Gas supply. S, Tube with 
bye-pass. 

i have already mentioned the capacity 
of this copper regulator is 1100 co., 
the coefficient of expansion for one 


egree Centigrade being ’OOobT, the* 
alteration of volume for a single degree 
of temperature at boiling point will be 
about IS cubic centimetres (2*95). It 
is tberelbie plain we have here a means 
of regulation of the temperature of 
extraordinary sensitiveness, and ac- 
cordingly we find we can command 
what practically amounts to a fixed 
temperature at any desired degree, and 
seeing that the copper regulator 
entirely .surrounds the drying chamber 
an 1 that the whole of the air employed 
in the dr)ing process must of necessity 
sweep both its surfaces, exterior and 
interior, amounting to nearly half a 
(•44.V.I) .square metro in extent, it 
follows that no local currents can 
interfere with the accuracy of its 
workings. You will agree, 1 am sure, 
that this a grand point. 

A l\ige\s regulator, or any similar 
instrument, may be all very well in a 
i still atmosphere, but where a current 
is concerne l it. is not unlikely to be at 
| fault and thrown out of working from 
j one cause or another, purely local, such 
j for instance as being shadowed by an 
| object in process of drying, or befrig 
placed where there is either an undue 
amount of current, or too little, or in 
an eddy. Our arrangement has a 
further advantage of occupying no 
space within the drying chamber. 
Having said this Much respecting the 
principles involve 1 in the design and 
the mode of construction, let us now 
pass to a consideration of its perform- 
j uncos ; but before doing this it will 
be as well to relate some particulars 
concerning difficulties encountered in 
ooi* -‘-‘Ion with the regulator. ^When 
first set in action there was no getting 
a fixed degree of heat ; the thermometer 
kept steadily mounting, degree by degree 
without apparent cause. - Naturally wc 
looked for some escape of *air from the 
e.h amber of the regulator, but the closest 
inspection failed to reveal any point at 
which escape could take place, and it 
was only by immersing the CMiper 
regulator in water and blowing through 
the tube attached that enabled us to 
discover several tiny leaks ’a the solder. 
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After these were made good and tin* 
test repeated, the thermometer still 
recorded a constantly increasing tem- 
perature. Again and again w«» went ! 
through the process of scut citing tor i 
leaks, hut all in vain. Fixity of 
temperature seemed impossible, when 
at last I observed some condem.Tt.ioii of 
moisture within th U tube on tin 
regulator side of the i 
once gave the (due to the cause oft 
lise of tempoiatme. hm h time 
immersing the regulator in the w it 
when search was being made tor leaks, 
a small amount of nuu.stuie must have 
gained access into the interior, and this, 
as the temperature of the hath was 
raked to boiling point, became converted 
into steam and mingled with the eon- 
tamed air. So long as this moisture 
lemaine 1 at the high temperature ol the 
mteiior of ^lie regulator, it excited the 
vapour tension due to that temperature, 
hut little by little a certain portion 
found its way into the U tube out of 
reach of the heat, and thereupon de- 
posited its moisture by condensation on 
the sides of the tube, producing of 
tfuirse a partial vacuum in the tube 
and thereby drawing in a fiesh supply 
of hot moist air and steam, so that 
•at hist, quite a considerable amount 
collected in the U tube. Now. seeing 
lhat 1 ce. of wafer at l.V.V C. will 
j*roduce 1000 ce. rtf steam at 100* at 
ordinary barometric pressure, there is 
no need to dwell further upon the 
cause of our ditlicultv, or the necessity 
for keeping the interior of the copper 
regulator quite dry. • 

Now, with respect to the performance 
this instrument us an e : ^y^*'ing 
bai*h, I have directed my experiments 
to the demonstration of three things : — 
1. To shew the existence of, and 
determine tjje amount of, curient 
passing through tne bath. 

The passage of the current is roughly 
but abundantly demonsfrated by holding 
a flame opposite any one of the twelve 
ajf ^inlets; you will observe bow the 
air Tushes in. Again, at the outlet the 
current is manifested by this mica 
whirligig gurrangement, which you 


observe sails round famously by the 
impact of the current. 

1 have attempted to measure the 
amount, of air that passes thiough the 
iii'.tnimi nt b\ means of an anemometer, 
and lind that it trawls along a chimney 
whose sectional area := [>*4110 in. at 
tin* rate of "04 ft. per minute, fiom 
which 1 inlculnfe licit, no less than 
; 7*bS7b cub. ft. ot air pa.v. through the 
apparatus per minute. 

[ II. Tim next point of impoi tance w as 
to ascertain that this cm rent was 
evenh distributed throughout the whole 
.MMtmnal area of the dning chamber. 

This equal distnlnitioii jou will 
, observe was arrived at by making 
the ills! runienl. tircular and admitting 
the air at points place 1 at equal in- 
ten nl* all round, and by surrounding 
tin* lower part of the inner jacket witn 
a euned flange projecting inwards, the 
object, of winch is to direct the current 
I horizontally between the true and the 
j false bottom, and so prewnt its pre- 
| mat ure passage through the perforations 
, of the false bottom before having had 
i time to lake up heat from the bottom 
! plate, and by thorough mingling and 
| mixing, preventing local inequalities of 
temperature. 

I That these designs work well can b «2 
! demonstrated by the smoke of snmulder- 
• ing brown paper, which shows that the 
current spreads itself over the whole 
area; there is no ciceping up the sides 
or centre, it seems to pervade equally 
the whole space. # 

111. The final point that we hate 
thought it important to inquire into 
relates to the vertical distribution of 
the heat. 

At one time I was strongly tempted 
to head this communication with the 
title of A JVrfeet Air-bath,’* and 
| should have ventured to do so but for 
the practical impossibility of obtaining 
a perfectly equal temperature lrom 
top to bottom. For a certain •very 
considerable range it is sufficiently to 
for all practical purposes, ami far more 
so than it is, or can he, iu any ordinary 
bath. For the convenience, if not the 
! necessity, of the case, the Bource of heat 
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is applied to the bottom, and you will | 
remember we have interposed a large ! 
mass of metal between the ilame and I 
the bottom for the purpose of moderating, ! 
storing, and distributing the heat; hut, . 
nevertheless, all parts in metallic eon- \ 
nection therewith get liot by eonductiun 1 
more in proportion as they are near to j 
the source of heat. They in turn 
become radiators, and any object placed 
within near range of their radiation 
before the air current lias had time to 
take up and distribute the same, gets 
more than its share of heat. Our 
experiments show that the useful range 
is anywhere above 3 in. i.f the bottom. 
]>elow t bis tin loiibtedlv the L'*mperahin* 
increases rapi lly, and more s<» the i loser 
tb<‘ bottom is approached. About 3 in., 
and for the whole of the rest of the 
drying-chamber, the extent of the 
variation between any two pints does 
no* amount to more than from 1° Cen- 
tigrade. 

In these several ways we have en- 
deavoured to meet the requirements of 
a theoretically perfect hath. We ha\c 
contrived an instrument, that provides 
a vigorous current of heated air of 
definite temperature under perfect 
control of a self-acting <uurcc of heat, 
and out of reach of contamination by 
the results of combustion. Taken 
together, these remit are, I submit, 
satisfactory, and show the mstiument 
to be a substantial improvement on the 
ordinary air-bath. 

As regards regulation of temperature, 
this is as simple: as possihl It can lx 
set at anv temperature wished for, from 
that of the room up to any degree that I 
can he required, in the course of a few j 
minutes. I have only to undo the screw 
(I*) and allow a little of the air con- 
tained in the copper chamber to escape, 
ami when the desired temperature is 
reached, screw it down again; this, by 
preventing further escape, fixes the 
temperature at that point. On the 
other hand, if I want to lower the 
temperature, I should turn the gas out 
and allow air to enter the copper 
chamber until the temperature stands 
at the desired point, A thermometer 


hangs from the chimney, and the / 
temperature can be seen at any moment. 
The legulation can lx* accomplished not 
onlv exactly hut immediately, mid 
moreover, the temperature is absolutely 
lixed. It may he set going on January 
1st au^j go on to December 31st, and it 
w ill not vary. It may do some good to 
put some asbestos on the upper surface 
of the diaphragm that divi les the drying 
jind combustion chambers. (M. A. 
Adams, F.II.O.S.) 

(e) Chloride of calcium is cheap 
(being a waste product ), easily portable, 
and when it has absorbed moisture it 
can be again made lit for use with no 
more complicated apparatus than an 
iron pot. Air dried hv means of chloride 
of calcium has, therefore, very naturally 
come into u>e for drwng purposes. 
Hut it is sometimes employed in an un- 
sitndac'tory manner, by a, mechanical 
arrangement. The chloride of calcium 
is alternately exposed to the cm rent of 
air to be dried, and is then passed into 
a furnace, in the expectation that mois- 
ture will thus he alternately absorbed 
and expelled. This \ie\v seems to be 
erroneous. < ’blonde of calcium pales 
w ith two-thirds of its water at 3912° F., 
and loses the remaining third at a 
higher point. Unless the heat is carried 
to this point, the chloride of calcium 
does not recover its original capacity of 
water. If it has Hcen thus heated, it 
wants suilicieiit time to enable it to 
cooi down to a temperature below that 
at which it parts with its moisture. 
Chloride of calcium, at temperatures 
Above the boiling poiut if water is a 
comparatively poor desiccating agent. 
Tnurv another method in which 
chloride of calcium may be applied 
in desiccation, a method often used 
in the laboratory. Thu substance to 
be dried is placed # w r vacuum — or 
even in a closei). receiver** filled with 
air at the ordinary pressure — along 
with trays of chloride of calcium. In 
this manner, the moisture evaporating 
from the material is at once absorbed, 
and fresh moisture can be given cm to 
take its place. * 

( d) In Fig. 19 is shown on excellent 
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apparatus fur drying grain, tea, and iron fan, which will draw w.ode ho.it 
every kind of agricultural product. The from a distance of 50-100 ft. (’, ('him- 
reference letters indicate as follows : — ney and valve, to carry off Mnokc when 

lire is first lighted. c, 



Thermometer or Py- 
rometer. I), Feed- hopper, 
into which the grain is 
conveyed by an elevator 
from below, or by a shute 
fioin an upper lloor. K, 
Cylinder; when of 18 ft. 
and upwards, can he made 
in two lengths, joined in 
the centre hy Hanged 
lings. K, Kle rating gear 
loriaising and depressing 
cylinder. (J, Air-duet 
made of different sections 
to suit dillcicnt products. 
II, Pail of the outer shell 
removed to slmw 7 the cells 
in which the grain is car- 
ried up and poured out in 
a continual stream ; — the 
number and pitch of these 
cells is also varied for 
various products. 

(r) The cool air drying 
machine which we arc 
about to describe, is based 
upon the principle of dry- 
ing the air before it in 
turn is used to dry the 
material to be operated on ; 
and this drying of the air 
itself is performed hy 
bringing it into contact 
with a system of iron tubes 
heated i<f a furnace to 
about 1:100° V\, when part 
of the aqueous vapour is 
dissociated into oxygen 
and hydrogen. The oxy gen 
attacks the surface of the 
iron tubes or other pieces 
of iron, such ns nails and 
tilings, placed there for the 
purpose, and the hydrogen 
passes away with the rest 
of the air. If, nofy this 


mixture of dry air, w ith a 

Ap Brick box in which coke is burnt, small percentage of hydrogen, be cooled 
or a flue to convey waste heat from again to the original temperature, it w'ill 
any furnace. B, Compound wrought- be capable of taking up as much mois- 
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ture as it originally contained. Power is 
supplied by a Ruboy undertype steam en- 
gine, which works two fans placed under 
a wooden box, and a number of vertical : 
agitators placed in the dning chamb*-r 
between the stack.*-. The air from the 
fans is forced through a series of vertical i 
tubes placed in a box technically termed , 
tlie *‘cooh‘i. ,? Alter passing the tubes, 1 
it is Juried through anuflni 1 senes *>t , 
tubes pi iced in the " furnace,” and is 
there iieated to about l.’»ou n F. After ; 
passing through the furnace tubus, the ' 
air is conducted back to the cooler; but j 
this time it surrounds the outride ot ! 
the vertical tubus, and Hows finally to 1 
horizontal tines placed on the ground, | 
which lead into the drung chamber. 
The air, on coining from the furnace, is 
cooled by contact with the ouiside of 
the tubes, through which fresh air is 
pushed into the iurnacc; and the cooler 
in this manner perfoims two functions, J 
mz. it heats the an* on its wav to the • 
furnace, and it cools the air alter it. lias j 
left, the furnace. The machine Is pm- \ 
vided with a second cooler, technically 
termed the “water cooler ; ” but this j 
is an addition made merely for the pur- • 
pose of experimenting. The water j 
cooler is arranged somewhat in the j 
manner of an ordinary surface condenser j 
of a steam engine, with the only differ- I 
eneo that, instead of exhaust steam, the j 
air coming from the air cooler is passed 
through it. This water cooler can he 
filled more or less with water, and 
the water can he renewed at a faster or 
slower rate. 5&y this means, its cooling 
effect upon the stream of air can he 
varied so as to obtain the dry air finally 
at any desired temperature between 
150° F. (the temperature to which the 
air cooler reduces it) and tit) F., or even 
less if desired. The water cooler is 
never used in drying machines when not 
required for experimental purposes; for 
actual practical work an air cooler alone 
is used, and its size is so chosen as to 
reduce the temperature of the air to 
the desired degree. The goods to be 
dried are stacked on trolleys and run 
into the compartment, care being taken 
to put the heaviest f stuff' first, because 


it. requires a longer time to get dry. 
The agitators are worked from bevel 
gear overhead, and are placed mer tin* 
main lines by which the dry air is con- 
\c\ed to the lining i ham her. A hole 
about loin. di.nu. is cut in t lie top of 
tin* flue below cull of the agitator*, and 
the ainst naming up through this hole 
is .scattered about by the fans of the 
agitators, so as to penetrate the inter- 
stices ]ett between the stacked goods. 
In this way the whole of the surface is 
c\enly Minounded by a gentle stream 
ot dry and comparatively cool air. The 
air, as it, passes through the stack, be- 
comes charged with moisture, and if it 
weie not quukly removed, it. would 
impede the further process of drying. 
To facilitate its removal, exhaust fans 
are arranged to draw the air through 
the ludlow lining of the walls of the 
dning chamber, and discharge it into 
the atmosphere. The whole ',ur contents 
of the dniug chamber, when full, are 
changed every two minutes. At the 
time i»f our visit, we saw in the drving 
chamber mahogany boards 2| in.-.‘5j 
thick, oak flooring, also some walnut gun 
stocks, a large pile of billiard cues, and 
a big paicel of pine deals 12 ft. by ff in. 
l»y I> in. The best proof that the drying 
of the wood is effected without warping 
lies in the fact that billiard cues can be 
successfully treated. Hoards 1 in. thick 
require to be left in the drying chamber 
for about a fortnight, ‘2-in. stuff' would 
be left in a month, and so on in propor- 
tion to the thickness for heavier stuff. 
We may take it that to stack mahogany 
hoards in the open air in order to season 
tlie wood in the old way, would cost jibout 
(is. a square, that is, inclusive of ground 
rentf\*yL insurance, and interest oh the 
capital lying idle. The timber will in 
that case take about twelve months to 
become seasoned. If artificially dried, 
the process will he completed in a fort- 
night at a somewhat, smaVler charge 
than Gs . per square. Thus the artificial 
method is not only cheaper, but it has 
the great advantage of enabling t^ie 
money to he turned over quick ly/jin- 
stead of lying idle in stacks. ( Industries .) 
Water ovens. — In Fig. 20 is shown J 
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\ a constant water batli, consisting of a 
square box A, supj»oi tod over a Fletcher's 
solid ilamo burner. The top of the boS, 
i;> x I.Vfi in., is formed by a brass 
]»late, l in. thick, which thus is .still' 
enough to support a considerable weight 


20 . • 



Wati r oven. 


without yielding, the sides and bottom 
oeing .sheet copper. From the point, 15. 
projects a J5in brass tube, B (-, which 
turns up at ip right, angle. At E is a 
stop-cock, \fhich is connected by a thick 
rubber tube with the glass tube, I) F, 
which is fastened against the adjoining 
wall. (Connected with C by a rubber 
jon^is a J-in. block tin tube of ‘20 ft. 
length, which extends up the wall in 
"he manner jshown to the highest point, 


T, and thence returns and ends just over 
i tlie slightly funnel-shaped top of the 
! glass tube, at 1>. 'Ihe bath b< irig tilled 
with water to ju-t. the bud, 1’. /*, may 
. he Kept cntisl ant by boiling for many 
days wit limit appreciable loss of water, 
the steam being comb-used in its passage 
up, or, if iincondeiiscd before it reaches 
the point, T, in its passage down the 
blmk till tube, hi Hat -bottomed pla- 
tiinun or porcelain capsules, evaporation 
goes on mtv lapidh when placed on top 
of this water-bath. The whole surface 
of the bath is nickel plated. (Journal 
of Analytical ( /ami^try.) 

JV1 i.cn anicai. Ali.Tiimw. — Foremost 
among mechanical appliances for tins 
jmrpose ranks the centrifugal nun lime, 
or hydro extr.ii tor. Jn principle tins 
| apparatus consists of an uptight drum, 
\hieh can be made to reudvc with 
great velocity on a vertical a\le. 'I'he 
drum may have its sides constructed of 
sheet nu tal, perforated with a multitude 
of tine holes, ol wire gau/.e propel 1} sup- 
ported, or of basket work, according to 
the nature of the substances to be 
treated. r llie drum, being charged 
with material, is set in quick rotation. 
The water pic-cnt is thus expelled 
through the pcrfuiated sides in the form 
of a line show er. This process is exceed- 
ingly well adapted fur removing the 
greater ]»art of the moisture from cloth, 
\arn, uiispim wool, &c. : also from crys- 
talline and granular substances. Jt is 
not. so well adapted for drying wet 
powders, pastes, &<*., since in such cases 
a very considerable pfifMrtioii of the 
solid matter is projected away along 
with the liquid, so the holes may get. 
choked up. Thus it has not hitheito 
been found satisfactory for dning 
sewage mini. Its use requires, further, 
special modifications where the liquid to 
be got rid of is m»t pure water, but holds 
useful, or hurtful, niuttcis in solution. 
A recent very simple improvement has 
considerably extended the use. of the 
hydro extractor. The materials, iifltead 
of being put into the drum loose, are 
inclosed in bags of some suitable 
material, thus preventing the disper- 
sion of the solids. This method has 
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been very successfully adopted with 
butter. It must, however, be reniem- 
berod that no substance, especially if of 
organic nature, can be rendered abso- 
lutely dry by the use of the hydro ex- 
tractor. 

Another mechanical agency for desic- 
cation is the press, more especially 
that device known as the iilter press, 
which has proved itself invaluable for 
separating solids from fluids when the 
latter largely predominate. Tins appa- 
ratus contains a number of cells, each 
consisting of a couple of cast iron plates 
lined, when in use, with suitable cloths. 
The inner surface of < wh plate shows 
a number of ridges. The liquid pa-de 
is forced by a pump, or pres*, into each 
cell through an aperture, and the water 
escapes through the cloth, aud trickles 
down between the grooves formed of 
tin* ridge* to the pipe at the bottom. 

In Johnson’s press there arc several 
improvements. In the centre of each 
plate is an aperture, which places a 
whole series of cells in connection, so 
that a liquid or paste introduced through 
one inlet pipe fills the whole series; 
grooves cut in the plate facilitate the 
escape of the pres* liquor to the outlets. 
The number of ridges is very great. 
The press cloths are of different kinds, 
no, ‘ording to the material operated upon. 
The pressure which may be exerted by 
means of steam or air ranges from 50 lb. 
to lot) lb. per sq. inch. 

The filter press, like the centrifugal 
machine, only expels a part of the water 
in mud, &c. ^ v J»us, if a sewage mud 
contains at the outset, 00-95 per cent, of 
moisture, it may be reduced by the filter 
press down to 50-G0 per cent., according 
to the time during which the pressure 
is maintained. It is only in a few cases 
that hydraulic presses, screw presses, 
&c.j can be employed for desiccation. 

By cold. — The concentration of 
saline aud saccharine solutions by the 
abst raction of surplus water is another 
branch of desiccating. This is usually 
performed by means of heat, as described 
under Evaporating, hut may be some- 
times advantageously effected by the 
aid of a low temperature. Thus in 


several countries where severe weather 
predominates common salt is obtained 
from the ocean by exposing sea-water 
in shallow reservoirs to the action of 
the frost. The water becoming frozen 
separate* from the saline bodies which 
it held in solution, and on being removed 
in th<f form of ice the latter can be 
collected from the bottom of the 
receptacle; or repeated coatings of ice 
can be taken from as many freshly 
admitted supplies of sea- water till the 
solution reaches a highly concentrated 
form, needing but little evaporation to 
afford a crystalline product. 

Another direction in which the 
concentration of solutions by cold is 
successfully applied is in warmer 
countries where sugar forms one of the 
agricultural products. Thus in Ohio 
the native women were accustomed to 
expose the syrup as collected in shallow 
pans to the night air, when the cold 
wo ul l suffice to freeze the water and 
form a crust of ice over the thereby 
concentrated syrup below. The bulk of 
the superfluous water being thus got 
rid of, very little further concentration 
by means of fire is ueede 1 to produce a 
solid sugar. 1 

Distilling. (!«•. 119 - 143 .) 

Mercury is now so largely used both 
in the laboratory . aud lor industrial 
purposes, such as ore reduction, electric 
engineering, and so on, that a quick and 
efficient means of purifying it is a valu- 
able acquisition. An apparatus for this 
\ urposehas been devised by J. W. Clark, 
Demonstrator of Physics in University 
College. Liverpool, and was recently 
brought before the Physical Society of 
London. 

The usual processes f^r purifying 
mercury are either chemical, such as 
treatment with dilute sujnhuric acid, 
&c., or mechanical, such as shaking and 
filtering through wash-leather, or dis- 
tillation, either in t vacuo or under the 
ordinary atmospheric pressure. Oftall 
these methods the best is distillati^Vi in 
vacuo. > 

Prior to distillation, it is ,’vell to filter 
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the mercury through a coni' of writing 
paper with a very small orifice at the 
apex. and to remove the load or zinc 
present, by eliemieal means; for the rate 
of distillation is lowered hv llio^o 
impuiities. The presence of 0*0001 
part of lead is said hv Gmelin Kraut to 
reduce the quantity ofniornirv instilled 
in a inven time from <17 to 5. (odd, 
iridium, copper, tin, ni< kol, eadmium, 
and arsenic do not influence the rate of 
distillation. 

The dist illation of mercury at ordinary 
pressure is an ineonvenient process. 
The first apparatus fur distil line in 
vanm \\ as probably d-'vised by Weinhold, 
and others have been designed sinee by 
AVeber, Shaw, Wright, and others. 
The arrangement of Clark, however, 
diil'eis from all these in the important 
respect of dispensing with an auxiliary 
Spiengel 1141* pump, and in, so to speak, 
acting as its own air pump. This is 
elicoted by supplying 1 he mercury to he 
distilled fiom a movable reservoir in 
the form of a constant level regulator. 
On raising this reservoir, Fig. *21, the 
more ui y is supplied to the distiller. 


21 . 



*The distiller is shown in section in 
Fi|£ 22, and consists of nlead glass tube 
• a b 30 in. long and about * in. internal 
diameter. # About 2 in. from its closed 


upper end is blown a bulb about 2 in. 
diameter. The lower end passes through 
an .air-tight cork of rubber, closing the 
top of the cistern dr, and ends at h , a 
little below the tube/. The cistern dr 
is made of glass tube 1 in. diameter and 
12 in long, and has tw*n short pieces of 
“ quill ” tubing cf sealed into it. The 
lower end is aKo closed by a cork, 
through which passes a piece ofSprengel 



tube i .'hi in. long, and having a piece of 
quill tubing h about ‘24 in. long sealed 
into the upper end. The top of this 
tube is nearly in contact with «. The 
internal diameter of the Sprengel tube 
should not much exceed 1 mm., and the 
bend of the lower end is best when not 
much more than 1 in. radius. 
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Tho bn si* of the stand is n wood on 
trav CD, from which rises :i board DK, 
earn ing a shelf A K, peiforated in tho 
< outre with ;i hole allowing the glass 
bulb to pass through it. A large cork 
F is holed with ;i liolo of rather less 
diameter than the tube aft, mid tie* cork 
is out in halves. The tube is held in 
position by twisting a piece of copper 
wire round the hah os of the cork. The 
cistern is secured by string ]> 
through holes m the projecting piece of 
wood 1*. A block of wood series to 
support tlie end of the tube /, and n tip. 
cylinder notched round the top, and 
covered with a Hat tin plate, keeps the 
bulb surrounded with hot air, while a 
mica window* at the side allows the 
height of the memirv in the bulb to be 
easily seen. The pipe of the bra*»s run; 
burner passes through a bole in the tin 
gas plate, and the ring, slightly larger 
than the bulb, i> perforated on its 
inside with many holes. 

The constant io\ol reservoir is a large 
glass bottle provided with atubulure at 
the side. Similar bottles are now made 
for the mercury pumps ol* electric incan- 
descent lamp manufacturers Into the 
tubulure passes a glass tube h about 
3 in. long and J in. diameter. Its outer 
end is closed, and into the upper and 
under sides are scaled two pieces of 
quill tubing Ij. The top of the upper 
end is open, but the lowers is connected 
with the cistern of the distiller by a 
narrow piece of rubber tubing m, about 
.“>£ ft. long, inclosed in a canvas tube. 
The u thistle? ^ funnel t and small glass 
stop-cock S are alsolitted air tight into 
the bottle by a rubber tube. Thu 
reservoir is placed on au adjustable 
table stand on the shelf 11. 

To set the distiller in action, the stop- 
cock S of the reservoir is opened, and 
some mercury is poured through the 
thistle lunnei 1 into the reservoir, while, 
with a short piece of i libber tail ing and 
glass rod, the* tube c is closed securely 
(Fig.*22) at the top by the cistern. 
Then the reservoir is raised. The 
mercury gradually rises in the cistern, 
and by coinpressing the air in the upper 
part is forced up the tube ab, and then 


filling the bulb sprengels 99 down the 
tube hi. The reservoir may then be 
lowered to its stand on II, and the 
rubber stopper roino\cd from the tube 
c. The reservoir D set in action bv 
attaching a piece of rubber tube to the 
stop-cock S, and sucking out air until, 
passing down the tula* /, it bubbles up 
through the mercury in the reservoir. 
Then the stop-rock i.s closed, and the 
reservoir is adjusted at such a height 
in the stand that the mercury is nearly 
at the top of the bulb in tlie distiller. 
Thus set in action, the level of the 
mercury in the cistern cd will be kept 
constant until almost all the mercury 
has been distilled. 

To start the distillation, the tin plate 
which covers the cylinder II is removed, 
and the gas is lighted. A few minutes 
later sufliriPiit mercury will have 
distilled over to displace t the impure 
mercury originally present in the 
nairow Sprengel tube t. 

The reservoir is replenished with 
mercury without interrupting the dis- 
tillation, by placing a screw* pinch-rock 
on the rubber tube leading to the cistern 
of the distiller, opening tlie cock S, ar.d 
pouring the mercury into the reservoir 
through the funnel t. Then a few 
bubble-i of air are sucked out of the 
reservoir as already described, the stop- 
cock is closed, and the seicw damp is 
released from thue.rubber tube. The 
level of the mercury iu the distiller 
remains as before. 

Such an apparatus as that illustrated 
will distil about 2 lb. of mercury per 
liirur with an expenditure of very little 
gas. Zinc, cadmium, magnesium, and 
other metals may also be distilled by 
the sSne plan. 

Water. — The arrangement shown in 
Fig. ‘23, is one that mayo readily be 
adapted to, and is special})* suited for, 
the old fashioned stills wjiicli are in 
frequent use nnioi'g pharmacists for the 
purpose of distilling water. - The idea 
is extremely simple, but thoroughly 
efficient in actual practice. The stilHs 
of thin copper, 2 gal. capacity, andftthe 
condenser is the usual worm surrounded* 
with cold water. The overflow of warm 
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water from the condenser is not run into 
the waste pipe as in the ordinary course, 
but carried by means of a bent- tube 
A, P>, 0, to the supply pipe of the still. 
The bend at 1» acts as a trap, which 
prevents the escape of steam. Tin: 


n , 


:4k ' 




dient a still of 2 gal. ea]»aeity will yield 
about 0 gal. per day, a much greater 
quantity than could ever be obtained 
under the obi system, which required 
the still to be recharged with cold water 
every turn* 1.1 gal. had been taken olf. 

The objection to all such 
continuous or automatic 
arrangements is, of course, 
N that the condensed water 

\ contains all the free am- 

\ linmia that may have e\- 

\ isted in the water origi- 

1 nally, but i f is only in 

cases where the water is 
(ft exceptionally impure that 
J . this disadvantage will be- 

— come leally serious. (T. 

/ Malii'ii.) 

/ EVAI'OBATINO. 

/ (iv. UO 171.) 

Acids. — Past iron re- 
torts are now being s He- 


ad vantages of this arrangement are 
obvious. It is perfectly simple, and 
^caTi bo adapted at no expense. It per- 
mits of a continuous supply of hot water 
to the still, so that the contents of the 
latter may always be kept boiling 
rapidly, and as a consequence it con- 
denses the maximum amount of water 


te.vNlully employed on a 
large scale in New York for the final con- 
eentration of sulphuric acid. It is found 
that arid of 05° l*e. does not attack the 
stills and no injury appears to result 
from the deposition of arsenic or other 
substances. The concentration is carried 
ns far as possible in platinum; the acid 
is then run into the cast iron stills and 


with the minimum Wf loss of heat, if 
the supply of water at 1) be carefully 
regulated, it will be found that a con- 
tinuous current will be passing into the 
still at a temperature of about 1SU° l‘\. 
or, if practice suggest the desirability 
of running in the water at interval, 
this rtui be easily arranged. I'*** ne- 
cessary that the level at A should be 
two inches or thereabout higher than 
the level of* the bend at C, otherwise 
there may not J>c sufficient head to force 
a free current of water against the pres- 
sure of steam. It will also be found 
that the stWl should only contain water 
to the extent of about i of its capacity 
when distillation is commenced, as the 
water in the condenser becomes heated 
**uch more rapidly than the same 
volume is Vfcpourised. By this expe- 


concent rated to OK per cent. H a S() Jt 
It is stated by Mr. Adams, who has 
recently published a report on the pro- 
gress made in twenty }•]&* in the con- 
centration of sulphuric acid, that a set 
of iron stills, used in connection with 
platinum, have been in use in New York 
for some time with very satisfactory 
results, as much as 30,000 lb. per day 
of 08 per cent, acid being turned out. 

Quadruple Evaporator. — Kx- 
amplc of work done per 24- hours. 
Much interest has of late been exhibited 
in multiple evaporation ; the following 
actual statement of facts will thcitfore 
be of service r — 

Feed liquor: — 

Volume 37,-00 gal. 

Strength. . 3° Tw. = l*015 Sp. Gr. 

Temperature 82° 0. = 180° F. 
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Concentrated liquor: — 

Volume 3,360 gal. 

Strength . . 45° Tvv. — 1 * 225 Sp. Gr. 

Temperature 71° C. = 100° F. 

I)istillud water : — 

Volume ill, 21*0 gal. 

Temperature 80° C. — 102° F. 

Hot. water from vacuum pump - 

Vol. of water used =. 174,noo gal. 

Temp, of in jection = 1 1° C. - 52° F 
Do. of ejection = 43° C.— 1 10° F. 

The weight of water evaporated is 
represented by the difference in the 
weight of concentrated liquid and the 
feed liquor, thus: — 

Weight of feed liquor rr 

*il7,200 X 10- la lb. = 377,580 ]},. 
Weight of feed liquor = 

3,300 x 12*25 Ih. r= 41,100 lh. 

Lb. of water evaporated Mild, 420 lb. 

The amount of steam required in the 
apparatus to evaporate tins weight of 
water from the temperature of the feed 
liquor, 82° C. (I8<r F.), was found to he 
5045 lb. per hour, bv actual measure- 
ment, which included steam for pumps. 
The exhaust steam from the pumps 
connected with evaporators may, and 
indeed is, <nuw exhausted into the first 
evaporating cylinder to do useful 
evaporative work. Tim evaporative 
efficiency, expics-ed in )1>. of water 
evaporated from 100°<J. (212° F.), and 
also from the temperature of the feed 
liquor, may be fairly ascertained as 
follows : — ^ 

a. Evaporative efficiency from 100° 0. 
(212° F.). Her hour. 

Total steam used in- \ rA4r .. 
Hurling |)Uii)]ts .. ) = jM " lk 

Less steam required to j 

heat feed liquor from \ — 500 • 5 lb. 
82° C, to 100° (J. ..) 

Total steam used to evapor- 
ate water from 100° C. = 4538 ■ 5 lb. 

Writer evaporated per hour = 


336,320 


14,013 lb., and 


14,013 _ 


4538*5 


= 3 *08 lb. of water evap- 


orated per lb. of steam condensed in 
first cylinder. 

6. Evaporative efficiency from tem- 
perature of feed liquor. 

- -- = 2* m 2 lb. of water per 

5,<»45 1 

lb. of steam. 

j These results have been expressed in 
lh. of water evaporated per lb. of steam 
' ummI, because before we can arrive at the 
amount of water evaporated per lb, of 
■ C'Ml y it is necessary to know the weight 
of steam geneiatcd by 1 lb. of coal in 
i the steam boilers which supply the 
j evaporator. 

It would appear, then, from the above 
results, that the etliciency of any 
| multiple evaporator depends on the 
temperature of the feed liquor, ami that 
. by a quadruple effect apparat us, slightly 
j over 3 lb. of water may easily be 
evapoiated for every lb. of steam used, 
provided the feed liquor he at nr very 
near 100° C.— the boiling point of water. 

, When the temperature falls below* this, 

! the etliciency of the apparatus rapidly 
! diminishes also. An above stated, in 
order to express this efficiency in terfns 
of the coal it is necessary to know how 
much water 1 lh. of this coal evaporates 
in the steam boilers, and from this 
figure the efficiency is easily obtained. 
Tims, for example, if 1 lb. of coal 
evaporates HJ lb. water in steam boilers, 
vve have 

(1) 3*08 x 8*25 = 25*41 lb. of water 
evaporated from 100° 0. by the multiple 
evaporator per lb. of coal 
“ (2) 2*772 x 8*25 ~ 22*87 lb. of 
water evaporated from temperature of 
j foi'iljf? 00 <k) per lb. of coal. 

| It. will he admitted by all practical inen 
that heat may be measured and reckoned 
with accuracy if adequate means are 
adopted for this purpose. , The distribu- 
tion of*the heat, therefore, J uring say 1 
hour's work of a multiple evaporator 
may be arrived at with tolerable 
certainty. From our own experience 
the constancy of Mich results is fen- 
doubted, for when once a muftiple 
evaporator is set to work under it** 
proper working coudttiou tyith respect 
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to the pressures and v«»l times and 
temperature ofliquid passed through it, 
the distribution of the heat which enters | 
the apparatus amongst the various 
liquids flowing from it, and steam 
condensed in the condenser, are all 
practically constant. To quote one 
case may serve to show the nature of 
this heat distribution for the individual 
apparatus under consideration, and in 
a measure for all similar pieces of j 
apparatus. The distribution or analysis | 
of the heat in the liquids leaving a 
multiple evaporator has an interest 
beyond the mere theory of the subject, 
for by this piactiral men may arrive at 
a fair understanding as to how, and to 
what extent they may make multiple 
evaporators a valuable adjunct to their i 
necessities in connection with its services 
as a concentrator of liquids. They 
yield two ^hundant supplies of hot 
water— one distilled, the other natural 
water us^ii for producing the vacuum. 
These supplies are inseparable from j 
systems of multiple evaporation. In i 
many cases they are extremely valuable ■ 
to the manufacturer, more especially I 
tit 4 distilled water. Doth supplies may 
•fir instance he used for feeding steam 
boilers, in which case the heat they 
contain is utilised, and may he considered 
to have a commercial vali e. 

The distilled water, if used for this 
purpose alone, has 4he further recom- 
mendation of producing no scale. Its 
Volume also is comparatively large, 
amounting, in fact, to about 85 per 
cent, of the volume of the weak liquor 
concentrated, or to that quantity 
water required for a set of boilers 
burning 15- lb tons of coal ncr 2 4 ho urs. 
On the other hand, the volume of the 
water used for the condenser is com- 
paratively speaking, very large, and its 
iotal consumption for steam raising 
purposes, eyepting in the very largest 
factories, is quite out of the question. 
Turning our attention to the distribu- 
tion of the heat which enters the 
evaporator among the liquids w r hich 
lea\| it, wo may employ the following 
onethod, which will answer all practical 
purposes # 


Out. lh. units 
pir hour. 

Heat entering the apparatus: — 

Weak liquor (feed) 

377,580 x 0-9 X 82 = ^ K)1 ool 
24 » > - 

Steam (fit) lh. press.) 

5,054x059 =r 3,330,580 


Total = 4,491,007 
Heat leaving apparatus: — 

Concentrated liquor 
41,100x0*0x71 7 ; >o59 

24 ' ’ ' ‘ 

Distilled water 

:;T,2m»xu-7x ^,.2:027 

24 ’ 

Condenser water 
174,000 X 10 X 32^ fM » 0 
" 2t * 

3,518,580 

Heat, lost by radiation, &c.= 973,121 

Expressing these results in plainer 
fashion we lind of the total amount of 
heat entering the apparatus there came 
out m the 

Concentrated liquor = 1‘0% 

Distilled water = 25 -0% 

Condenser do. = 51 ■ 0% 

host by radiation and errors 

of observation ~ 21*7% 

9‘1* 9 

These percentages show clearly that 
about 75% of the heat Mitering the 
apparatus is obtained a£am in an avail- 
able form as hot water; that of the 
heat entered the apparatus in the feed 
liquor, and ~ as steam. Such calcula- 
tions inevitably direct the practical man 
to some of the most telling points in 
systems of multiple evaporation, and 
guide the manufacturer in arriving at a 
correct conclusion as to their real com- 
mercial value to him. They also serve 
to guide the engineer in adapting 
multiple evaporation to certain manu- 
factures, so as to obtain the maximum 
economical effect. 

The foregoing percentages must not, 
however, be confounded with the per- 
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rentage amount of heat contained in 
tin* distilled and condensed waters ex- 
pressed in tonus of the steam actually i 
used in the evaporator. The percentage 1 
recovery oil t hi^ basis is greater than j 
the foregoing. For example, the amount. ! 
of heat contained in the distilled water j 
from the above apparatus represented 
S > * 7 of the s(eam, and that contained 
in the hot. water Irom tin* condenser 
represented » SI* ■ <» of the steam used. 

It is aUo evident that in either < a-e 
these percentages may he taken ns a 
direct measure of the fuel saved l»v 
e m ploy i tig either ol those sources of 
hot water for steam raising purposes. 

The amount of work done, or in other 
words, the quantity ol water evaporated 
per hour by multiple evaporators will 
vary according to their construction, 
and othoj conditions as to the pressures 
under which tiny work. The heating 
surface of the tubes, through which 
the liquor passes, ha-; doubtless the 
most important, healing on this part of 
the subject. An apparatus containing 
2<><)U sq. ft. of heating surface in the 
form of thin tubes will, under those 
working conditions laid down as being 
essential to successful result, evaporate 
0-7 lb. of water per sq. ft. 

(('linn. Trade Jl.) 

Illuminating Agents. 

The question as to the actual cost to 
tin* consumer, evorv tiling being included, 
of the lightgi^id need by the various 
illuminating agents now in use has not 
vet received a (dear and definite answer. 
Careful attention should therefore he 
paid to any evidence which is based 
upon a serious study of the question, so 
that at least some idea of the truth may 
he gained. Jl. h for this reason that we 
reproduce below extracts and tables, 
taken from a paper presented by C. 
Holland, engineer at Moris, to the 
Society of Engineers of the Liege 
Institute, and published in the Jicnw 
( r ni verse tie ties Mines . 

According to this author, “ it follows 
from the examination of these tables 
that lighting by gas, and even by petro- 


leum, is by no means on the point of 
being icplaced by the electric light.” 
These tables establish the fact that 
under the most favourable conditions 
for the production of the electric light, 
that is to say, where spare motive 
power* "an he applied to its production, 
this s\ stem of lighting still costs 'OLV-V/. 
per candle power per hour (Table VII.), 
w Idle gas, netting 1 ■-Lk/. per cub. metre, 
burnt in the recuperative lamps ot 
Siemens, or still better, of Wenham, 
gives a light which only costs *009(>04<7. 
and even only *0<)6b;>h/. per candle 
power per hour. (Table 11.) 

The luminous intensity given by a 
petroleum lamp varies considerably with 
the quality of the oil employed, and also 
w i Lh the quality, the jtate of cleanliness, 
and the cut of the wick# A badly- 
tiiinined wick, or one not cut level, 

' gives, for example, a flame which oil 
| one side is too long, and slightly yellow 
j or brown, because the supply of air at 
that ] mint is insufficient, and on the 
1 other side is perhaps too small, the air 
■ supply icing there in excess. Now/ it 
j is well known that under boili of these 
i conditions the illuminating power 
suffers. 

The management and regulation ot 
wicks is delicate work, and certainly 
ought to he included in an estimate of 
the expense of the lamp. 

Another source of expense in using 
this class of ilLnninant is that arising 
from the use of the lamp — repairs, 
(Consumption of wicks ami chimneys, 
losses of oil, and waste used for cleaning. 
(Tal»k !.) * 1 

It may be estimated that these 
sources of expense amount per lamp 
and hour to — •’ 

Expense of lain]* . . • •OO.'iOd. 
Wicks, chimney, &c. 5 0427c/. 

•' I377tf. 

Finally, to include the additional 
trouble connected with the use o*this 
illuminant, such as purchasing the oilf 
storing oil, risk of fire, we think 
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TABLE 1. — Pi;i K«>Lr.UM. 


Chief Types (*r Lamp. 

Anglo \\ ltli 
Jloii/.on. Angle IT/ 
0\ 


Atli 

Kxjx 

lis j»t r cf nt. 

ill excess of 
CiiU ulatf.i. 


Ptllldle power , . ! 

Consumption of pd role tun »>f l»*vt quality, \ 

KUO grammes per lit i o j 

Consumption per candle power per hour 
Lxpenso per candle per hour, at 1 V. per litie 
Working expenses per caudle per hour .. 

Total expenses per candle per hour 
Total expenses per lamp per hour, 29 candle) 
power at 4h° f 


40 

90 gi in. 
2 ' 'J. i 


29 • :» 

‘*0 

:lu;i7 

•<*Ub39<i<./, 
•no i ♦;;»</. 
■oluo.M,/. 

“jyyrw. 


3-79d 
’ O' HjTdTu/. 

• oo-ulw. 

•01 Mo,/. 

7 7 </. 


that the theoretical price ought to he , 
increased by 2."> per cent. It will he 
observed that the luminous intensity 
diminishes oyisiderably when the photo- 
nu*t no measurement is made at an , 
angle of 4.'''. i 

Aconidmg to the expenments of] 
Heim, the loss of ilium i mil ing power is 
proportional to the diameter of the 
burner. It is ‘Jo per cent, for burners 
w irti an ordinary long llame ; about 
*»<*) per cent, lor the 30 mm. burners 
used in lamps which gi\ c an mton-c 
round llame, and aimamts to . r » per 
cent, with <‘*0 nun. burneis. It will !>• 
possible to compare the luminous in- 
tensities <d the varion# systems of lamps 
and burners at this angle uf4.V\ The one 
class giving the maximum intensity at 
0° (horizontal rays), the other at 9\/° 
(vertical rays). 

Moreover, lamps are usually employed 1 
under such conditions that their rays 
are at Uiis angle. 

ILLUMINATING GAS. 

Column 7 •of Table II. gives the | 
expenses of putting down apparatus and ! 
mains for candle power ycr hour, calm- ! 
lated on the following grounds ; — | 

In Belgium the cost of establishing a 
public burner may he estimated at 12s. 
(for • private illumination, stations, 
roomsH&c., where more elegant appli- 
imres are used, the cost mny rise t.<> | 
*0s. or 27 s. 9A per burner), aud main- \ 


Icnaine and interest may be taken at 
in ]u r cent, of this amount, .-ay 
5/. ISa. 9<7. ]>••! annum. This cost must 
be spread oter tne entire comumption, 
depending on the number of houis 
timing winch it is m u-e. 

Assuming a imuuuum ofT^O hours per 
annum, and a eoiiMiinpt ion of 2b0 lities 
]», r horn*, it will he tomul that al 1 \<t. 
per <uh. metre, interest and maintename 
must he \ allied at about (I per cent, of 
tin* \ aluo of the gas. 

Tin* corii.spondiug expenses for a 
regeneiatn c Oilmens or Wenliam lamp, 
which cost s at had 47s. tn/. lor a con- 
sumption of 2;»0 litres pel* hour, may he 
tabulated in the following manner, a 
sa\ mg of 30 of gas being supposed: — 

I' « *' • s. ( 1 . 

2 ordinal y hurnejs .. Aahie 2 b 

2 M'condai v tubes . . .. „ 3 2 

Piping and main ti.bo 

(23s. 9c/. less C>$. 7 J.) „ IS 2 

II. 

One complete regenerative 
burner, giving the same light 
as the two burners above .. 47 0 

Piping and principal tube 18P 2 

Secondary tube .... 17 

(17 3 

The expense of maintenance and 
interest is found to be 17 %. 
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We have, therefore, calculated at this J 
rate the expenses tabulate! in column 7, 
Table 1L, for the illuminaltou given by 
Siemens or Wenham lamp*. 

For Cinmond and Aver burners we 
have adopted 10 **' of the gas consumed 
as representing the corresponding ex- 
penses. The rate of <1 w lemains for 
ordinary burners, the cost of which 
does not exceed 4s. 

TA11LE III.— 

1'hotonietiic tests 


It must be borne in mind that the 
nit m hers should vary inversely with the 
number of hours during which the 
lunners are employed, since the sources 
of expense remain almost constant xvliat- 
e\er be the consumption of gas. 

liofnre passing to the examination of 
some other modes of illumination, a word 
may he said on the subjects of recupera- 
tion and intense burners. 

-Water Gas. 

of Smile's burner. 


Consumption per 

1 lout . 

Ties, ore at tii«* 
burner. 

| Candl" Power. 

Candle Power 
per Cub. 1- t. 

cub. fr. 

lltlCs. 

hi. 

min. 



‘.I'M* 

ViTl5-4 

2*23 

r>7 • i :» 

: 12*83 

l*:;:; 

8 :;l , 

234*3 

2 37 

bo* to 

10*88 

1*81 

7 * IK) 

. 7 

--- * 

2 * 

b:;*;>o 

12*21 

1*33 

b • 7o 

18S-U 

1*73 

44*13 

1 8*48 

i-2b 

two 

188*0 

1 *00 

23*40 

i 8*41 

1*23 

r* • f»« 

137-3 

3*23 

82*33 

j O'Ol 

1*78 

r >- jo 

M3 *8 

4 * 30 

38*10 

! b * 83 

; 1*34 

3*00 

ill b 

2-00 

30-80 

1 r>-47 

i 1 * 38 

f»3 • li 1 

1510 • 0 



• it 



Consumption per candle power per hour 

20*20 litres. 

I Vice of gas at Frank tort per tub. metre 

• 7 1 2c/. 

C°st per candtc fbwer per hour .. 

•0142.7. 

Working expenses, 1<» ]»er cent 

*Oul42<7. 

iotal cost per candle power per hour .. 

*01507(7. 


• * 


T A ISLE IV. — Id^LG-KEsii m Lamps. 


Illuminating I jwer. 


Without lUflerto 


1 li 

i 

Wth 

lteflec^or. ( 

• 

Without 
, Reflector. 

• 

(handle 
l’ower per 
Kiblnm. 

Consumption 
per Hour 
p *r Ribbon, 
gun. 

Consumption 
per Hour 
per Caudle, 
gnu. 

Total Cost 
per Caudle. 
Magnesium 
at 14.c UlL 
per lb. 

1 

150 

3,200 

150 

10*7 

01114 

• 

2 

237 

5,880 

118*7 

lb *7 

0*1410 


4 

450 

8,000 

112*5 

lb *7 

0*1480 

•0418(7. 


700 

11,300 

117 

10 *7 

0-1415 


« 8 

950 

• 

17,000 

117 

10-7 

* 0*1430 
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TABLE V. — Electric Light — Arc Lamps. 

(Ileim.) 


Om-iiit Lamp 
of Pa per. 


Kii/ich Siemens and 

(.scliurkert) Ilulske 

l 1 »i Ilcronti.il Lamp. Diltorciitial I#amp. 


])iainctcr of Carbons .. 

j 0*7 

mm. 5*0 

1 *0 


14 


Length of Arc 

j ^ 

2 

4 

. 4 


.. 4*5 

Angle with horizon 

! tp 

.. 45" 

0° 

. 45" 

0° 

.. 45° 

Caudle powei 

r.’ii 

. . ‘177 

220 

. 1,^0 

575 

. . 5 , 880 

Electric work in volts amperes' ICO 

.. 155 

414 

. 410 

1 018 

. . 012 

Volts amperes per candle | 

1 *27 

.. 0*405 

l * ss 

. 0*201 

1 

; i*r,o 

.. 0*258 

j >ower ) 

Caudle j lower per horse powei 

! .... 

i 

.. 151 10 

2U5 . 

i 

. l,KtH) 

j :U4 

.. 2,510 


TABLE VI. — Incan' descent Lamps. 


(Alter Heim.) 




Elect! ie 

Volts 



Types. 

Candle 

Power. 

AVoik in 
Volts 

A in pei os 
per 

CmidP' 
pel 1I.P. 

Lump* 
per II. P. 



AmpoKS. 

Gaud to. 

Edison lamp, old model 

Hi 

72 

4*50 

122 

7*0 

„ new „ 

; b> 

GO 

5 • 75 

147 

0*2 

Swan lamp, old ,, 

! l« 

GG 

4*15 

125 

s-;; 

„ new „ 

Hi 

5G 

8*50 

157 

0*8 

Siemens and Halske 

i w 

52 

5*25 j 

1G9 

10*0 

Bustien (C umstadt) 

1G 

i 

50 

5*50 j 

157 

0*8 


TABLE VII.— INCANDESCENT LAMPS. 

c* Price per 

Kind of Installation. Candle Power 

per Hour. 

Private installation for 200 lamps at least, with special motive 

power .. * 029 4</. 

When a part of the labour is on hand and an excess of power 

can be utilised for the production of the light *01 l>2i/. 

Special installation for private lighting *0440(1. 


{Chem. Trade Jl.) 


The luminous intensity of a flame 
increases very rapidly with its tempera- 
ture, and may be approximately 
represented by an expression of the 
form I = a 1 , when I is the intensity of 
the flame, and * its temperature. The 
great increase of intensity obtained by 
superheating the air may thus be con- 


ceived, when it becomes; sufficient to 
sensibly increase the temperature of the 
flame and so produce a more efficacious 
combustion. In the Siemens and Wenham 
lamps the air may be heated to 400°— 
600° U., but the apparatus soon wt trs out 
if the latter temperature be habitually 
employed. 
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To render tlie recuperation rational 
and efficacious it is essential that the 
apparatus he so arranged that the 
air is heated hy the products of com- 
bustion, and not simply hy the flame #»/’ 
the burner , for this canonlj give uppait 
of its heat at the expense of its yiuini- 
uating power. 

ft has nut been found advantayt mis /.» 
stronyly heat the yas itself ; on the 
contiary, deposits are thus formed which 
rapidly block up the orifices hy which 
it escapes from the burner. 

For a yiren consumption of <ja$ there is 
a definite supply of air U'hick corresponds 
to a maximum of luminous inl< nsity. The 
determination of this quantity is of 
sjieeial importance when ordinary 
hunters with cold air are emjdovcd ; 
but even when hot air is Mijijdied it, is 
still important to ascertain exactly the 
draught ujneh corresponds to a 
maximum of illuminating power. 

Everyone can convince himself of the 
<■ licet of the draught or volume of air 
hi ought into contact with luminous 
llame on its illuminating power hy 
Minjdv placing a glass chimney on the 
tojf of the glass of an Argand hurner, so 
# ihat the height of the chimney is doubled. 
It will he observed that the flame im- 
mediately becomes lower and throws a 
less powerful light on surrounding 
objects, although it may itself become 
whiter. Inversely, trtie intensity of a 
flame, which is burning with an excess 
of air, may he increased hy diminishing 
the supply of the latter. This increase 
continues until the flame becomes brown 
towards the top, after which further dim* 
inution of the air supply causes a rapid 
diminution in the brightness of the flame, 
the combustion then becoming incom- 
plete. 

This experiment justifies the conclu- 
sion that for hg meg's with cold air tin* 
maximum o£ light corf esj vends to the 
minimum of air which permits of 
complete cdlubustiou, and that the 
yellow flame is more economical than a 
wliife flame obtained by means of an 
exe,esi|of cold air. 

'When the air arrives at the burner 
healed to ;»Q(JP 0., flie influence of the 


draught will, of course, not he so great, 
hut it imvd, he remembered that the 
temperature «>f the flame expressed in 
deirrecs is twice as great as this. 

The economy effected by these intense 
flames, that is to say, flames produced 
by a large amount of gas, may be 
explained by the facts that, in the first 
jdaee, the amount of air immediately 
surrounding the flame is smaller for au 
equal volume of flame than in the 
ordinary burner, and that the loss of heat 
isfhusalso rendered smaller ; and that m 
the second jdaee the surfaces and volumes 
of neighbouring parts of the apjmr.it uk 
so situated as to he capable of absorbing 
heat from the llame are also smaller m 
projiortion to the gas consumed ; finally, 
a wide llame consists of an interior cone 
of gas, surrounded by a thicker incan- 
descent layer (which must be traversed 
b\ the air) than is the case in a narrow 
flame burning the same volume of gas. 

On account of these various circum- 
stances the temperature of a large 
flame is appreciably higher than ihat of 
a small one, and heneg arises its greater 
illuminating power. This luminous 
intensity therefore, results from a more 
effective combustion, which produce*! au 
increase in the light radiated from the 
flame. 

Filtering. <n-. 172-1 

Water.— (</) A new filter, invented 
hy l)r. William Paulson, of hough- 
borough, is shown in K*g: 24. It has 
been designed with a view to use an 
entirely inorganic, and at the same time 
a durable and powerful germicide as 
filtering medium, which, while not. a 
mere strainer, can he easily and cheaply 
renewed. The basis of the filtering 
medium is coke, the power of which is 
increased hy a silicate dissolving with a 
clean surface sufficiently to destroy 
germs, but nut to make the water un- 
jHilatable. The method of renewal 
adojded is to jdaee the filtenng-jar in a 
hot oven ranging from 400° to l»00° I<\, 
a tcmjjerature at which all absoibed 
impurities are charred. The flat, vapid 
taste of filtered water is obviated hy 
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restoring to it a small proportion of car- ] ing disks arc superposed, so that several 
bonic acid gas. This is done by using | of them operate at one and the same 
as a lid a flat bottle with a straw hole time, and thus give a much larger 
in the side to allow the escape of gas. quantity of filtered water within the 
A small quantity of acid and soda and a 



Paulson’s filter, 

glass of water are then placed in the 
bottle, and the result is a sparkling and 
palatable filtered water. 

(h) The Johnson filter (Figs. 25, 205) is 
both mechanical and chemical, and is 
applicable to both domestic and indus- 
trial uses. Fig. 25 shows the domestic 
style, and Fig. *,6 gives the internal ar- 
rangement of it. The water enters 
through the pipe shown at the upper 
part of the engraving, traverses a disk 
of prepared carbonized paper, B, and 
reaches a metallic plate, 1), from whence 
it flows off at E. This plate 1), is put 
in place by means of a screw, F. The 
disk of filtering paper may be changed 
with the utmost ease, and the operation 
may be performed by the most inexperi- 
enceu domestic. As the entire apparatus 
is of iron, there is no danger of break- 
age. The domestic style shown is the 
smallest sized one. It us constructed 
in two other styles in which the filter- 
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same period. By thus superposing the 
filtering parts, the inventor has Veen 
enabled to construct a large industrial 
model that is much used in bre&cri$p 
and that is capable of furnishing more 
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than 11 50,000 gal. of filtered water per I exact impressions of the grooves in the 
dav. In the small nppar.it us the filter- | upper j»art of the porous xes^el and the 
ing material isaspeci.il paper composed adjacent faces of the socket and cap of 
solely of puriiied cotton fibres and bone- the apparatus. This forms a very 
black freed from all phosphates. In the tight joint without exerting a stiess 



large filters, whicjji resemble harm that might break the neck of the porous 
presses and are managed in the same \esscl. The lower part, of the entrance 
way, paper it vised in conjunction with tube is narrowed, and serves as a scat 
specially prepared cloth. (/.<( Au/wiv.) . lor a conical valve caviled by a rod that 
(c) The ldal lie filter (Kigs. 27, 28) rests upon the bottom# i»i the tillering 
utilises the pressure of the city watgr vessel. In case of a breakage of the 
to l'oree the latter to ooze through latter, the v.ilv e closes. Owing to the 
porcelain, which retains in its close and automatic operation of this safety 
imperceptible pores all organic germs, apparatus, no accidental flooding and no 
His apparatus consists of a poreclnin discharge of unliltered water is to be 
filter, properly so called, which the feared. The cup constitutes a true 
water enters under pressure through reservoir that contains a certain quantity 
a tube nflixed+to cock. This filter is of compressed air, which, thanks to its 
inclosed in % thic k cart hen vessel, which elasticity, tends to prevent breakages 
is affixed £o a metallic support bv a that might occur through the rain 
bayonet catch, and which serves to strokes of the water under pleasure, 
protect the porcelain and collect the l>e*ddes, t lie air dissolves in the iiquid, 
purified water. The apparatus is made and so the latter, on making its exit 
4 tigl» through rubber washers of circular ! from the filter, is charged with minute 
w elliptic^ section, which take the 1 globules of it ; hence the name “ acri- 
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filter” that the inventor lin^ given the 
app lrntus. Since tin" action of lilt ra- 
tion is exerted from vv it Inn outwardly, 
salts of \ annus kinds may be ]>ut into 
th( i inferior (so as to obtain artificial 
mineral waters J, or special materials for 


exceedingly slow, but the filtrale often 
passes turbid even th runt'll paper of the 
closest texture. To filter such a fluid, 
Freseni us advises to dilute with water, 
add some recently ignited asbestos, and 
shake the mixture vigorously. Alter 
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decolorising liquids, or, finally, ic c 
(even impure) for cooling the water in 
summer. A simple apparatus is capable ; 
of filtering 9-10 gal. per day, according ! 
to the pressure of the water, lly modi- 
fications in its proportions and con- 
struction a larger quantity of water 
might be filtered. 

Laboratory Methods. — (a) 

Viscid liquids, such as are obtained in 
processes of artificial digestion, may be 
filtered, according to Frozen ins, by the 
aid of finely picked asbestos fibre. Not 
only is the filtration of suph fluid? 


about 111 hours the suspended matters 
will have subsided, leaving the super- 
natant. liquid perfectly clear, 'ibis is 
to be siphoned off, and the residue to he 
washed once or twice by decantation, 
and then passed through a glass funnel 
the neck of which cbntatns a pellet of 
asbestos. Jf the first part of the filtrate 
runs off cloudy, it is returned to the 
funnel until it passes clear. 

(6) A funnel for filtration in absence 
of air, is shown in Fig. 29. The funnel 
has a cylindrical rim 1-2 cm. fciigh^ 
coveypd with u lid proved Aft the centre 
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with a neck. Into this fits a cork ami ’ drawn over to wash the precipitate 
bent glass tube. The funnel is fitted there, by pouring down the funnel in 
into a filter flask, which has a side tube. I the small flask. I'.y opening the tap D 
lly connecting the tube of the funnel instead of K, the filtration can proceed 
with that of the flask by a piece of i ub- 
bor tubing, the exterior air is excluded. 



In case a particular gas is required, the 
funnel is then provided with a doublc- 
•bored cork. Through one opening ilie 
gas is introduced, ami it passes out 
by the other, a connection being made 
with the filter fliihk as before. 

(c) An apparatus for filtering and 
drying very oxidisaUe precipitates is 
shown in Fig. ,‘10, and is constructed of 
glass with the exception of the cover C, 
which is of brass. The tube G, which 
is connected with the brass tube M by 
the cork F, is bent over and unites witl* 
a small flask containing the precipitate. 
This srgall flask has a cork with three 
holes, one for the tube G, a second lor 
a glass funnel, and the third for a tube 
connecting wijli a gas generating appa- 
ratus. When all connections are found 
to be air-tight %he^ube 0 is connected 
with a wateifpump, and the cock K is 
opened ; the*precipitate is drawn over 
by lowering the tube G into the pre- 
cipit^te in the flask as soon as the 
apparatus is filled with the indifferent 
gas. It' he precipitate collects on the 
fuftnpj A, noj distilled water can be 
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more slowly, and this Ap is also useful 
with very imuldy precipitates. To dry 
the precipitate, the cork K is replaced 
by another without an opening, the 
glass tube G is fused oil, and the upper 
part 15 of the apparatus is removed from 
the lower part A, and transferred after- 
wards to a drying oven. 

(</) A filter support, which is an 
improvement, on the arrangement for 
rapid filtration described l>v Fess^pden 
in ( f) below, is shown in Figs.31-3. Jt is 
made from platinum wire, copper wire, 
or any other suitable material, ami 
bent, in the shape shown in Fig. 33. A 
paper, folded as described by Fessenden, 
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is pushed in between the wires, a and b y 
Fig. 31, whicli serves the same purpose 
.as the glass rod, that is, to support the 
inner folds of the filter; whereas the 
ring, c /, supports the outer folds, giving 
the whole an appearance of a paper 
formed with two compartments. This 
may now be placed in a glass funnel, or 


being entirely independent of the 
customary retort -stand. It uses very 
small circular filters i»J in. diameter, 
and yet tillers many times faster than 
the largest herotufoic used, doing its 
work thoroughly, and absolutely with- 
out attention, no matter lmw large the 
' amount to be filtered. It is got ready 
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used alone simply by suspending it over 
the beaker as in Fig. .‘12, the liquid 
following the wire and dripping from 
the point, <j. -As a means of drying 
precipitates on the i filter, it. is far 
supciior to the old way of placing the 
glass funnel with its filter in the drying 
oven, as the air has access to the paper 
from all sides, whereby it dries much 
more rapidly and thoroughly. For a 
7§-in. filter, a support of - : ,\,-in. platinum 
w r iro, with the ling, c /, 2^, in. diameter, 
and the wires, a and b .‘1 in. long, gave 
excellent service. A glass rod bent as 
indicated by Fig. 33 works very well. 
( Chemical Nt'irs.) 

(c) An automatic rapid filter is shown 
in Fig. .‘14, whicli indicates the manner 
of its operation from a common tabic, 


quicker than the' funned, never breaks 
the filter-papers, and has no metal 
contacts. One of its strongest points 
\* in filtering very small quantities as 
,'vell as large. The former are run 
through in a moment's time without 
tedious drop] ling, as by the funnel. 

(/) The use of filter pumps, ak every 
chemist is aware, does not, in a very 
great number of cases, facilitate filtra- 
tion : first, because a dense layer of the 
precipitate forms nett the paper, which 
continually requires removed, 

and second, if any considerable pressure 
is used, particles of the precipitate will 
pass through. To increase the surface 
seems to lie the better plan. Plaited 
filters partially effect this, hit the 
precipitate cannot be eq#ily detached 
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from them, ami they an* troublesom. 

1 o prepare, liibbed funnels, \\ iiile als« 
an improvement, have only one side of | 
the filter for use, the other side being J 
covered with three thicknesses of filter 


34. 



paper. The following method (Fig. 
*ih) enables filtrations to be made 
very rapidly, and in such a manner 
that the precipitate can be readily 
removed: — TRe Alter paper is folded 
three timA^ folds Nos. 1 and 2 are 
toward th« reader, No. 3 from him. 
The filter is then gathered (Fig. B), 
fltyl a piece of glass rod, bent at a very 
acute angle, is inserted in the cleft of 
thellilter (Figs, C and 1>), thus giving 
ft-filtration^urface of nearly four times 


the usual one. The filtration being 
complete, the glass rod is grasped by 
the projecting ends and lifted from the 
funnel, healing the filter upon it.. One 
end of the filter paper is then bent 
down, and the precipitate is easily 
washed off (Fig. K). An improvement 
on this is to use, instead of the glass 
rod, a plate of glass (Fig. F) ribbed on 
both sides. This renders the filtration 
very rapid Indeed, and if it weie made 
by the manufacturers of chemical 
apparatus, would no doubt be used. 
(K. A. Fessenden.) 

(;/) The production of a partial 
vacuum within the vessel receiving the 
filtrate has long been employed in 
chemical manipulations for the sepa- 
ration of dense precipitates, and also to 
save time in the oi dinary processes of 
filtration required in the practice of 
chemical analysis. There is no reason 
why, in the absence of a centrifugal 
machine, the filtering of gelatine emul- 
sions should not be hastened in a similar 
mannur, considering at how small a cost 
ati eflicient filter-pump can be manu- 
factured. 

A good many vacuum pumps, worked 
by a flow of water, have from lime to 
time been introduced to the notice of 
the public, but the majority of them 
are not completely satisfactory. Bun- 
seifs is perhaps the best ; but its 
production requires the aid of skilled 
workmanship, and the outfall tube 
must be at least 32 ft. in length. This 
altogether forbids its use except upon 
the upper floor of a building. 

The pump to be described was designed 
by A. I*. Smith some years ago. The 
principle of its construction is based 
upon that of CiilVnrd’s injector. A 
cistern of water, such as is to be found 
in every house, is all that is needed for 
a water supply; but the greater the 
head of water, the greater the power 
of the pump. If the water can be laid 
on from the main supply, nothing 
further could be desired. 

Although a good head of water — 
and, therefore, pressure — is desirable, 
it by no means follows that a large 
quantity of water is required. It is 
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desirable to attach a screw pinch-cock 
on the rubber tube which connects the 
pump with the water supply, so as to 
govern the quantity flowing through — 
a condition easily acquired by a little 
observation ami practice. 


The construction of the pump offers 
no dillicultv to anyone who can bend a 
piece of glass tubing, draw out a jet, 
and bore a hole in a cork ; this last is 
perhaps the most diflicult of the three. 
ITocure a glass lamp chimney about 




F 




The greater the pressure of water, 
the greater the power of the pump, 
which is capable of lifting a column of 
mercury equal in height to that of the 
barometer at the time being minus the 
tension of aqueous vapour (the colder 
the water, therefore, the better). How- 
ever, the pump will work very well, 
and lilt 15 in. or more of mercury with 
a head of 10 ft. 


23 cm. in length, and some* glass tubing 
of an internal diameter of about 0 mm. 
Fit two sound corks to £‘ie ends of the 
lamp chimney. Through \ffe centre of 
the upper cork pass a glastf jet with a 
short nozzle (Fig, 3fij. Through the 
lower cork pass another jet, having a 
long sloping nozzle. The diameter of 
the holes at the ends of the jets mSfv he 
about 1| or 2 mm. ' (Tht* size really 
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depends upon the water supply.) Care 
bliould be taken that the hole in the 

30. as. 



WA* jot is not smaller than that of 
the upper Jet ; they ought to be the 


same size. These two jets are placed 
diametrically opposite each other, and 
nearly in contact, so that water flowing 
down may pass smoothly out of one 
into the. other, without striking the 
edge and splitting oft' into the chimney 
glass. A vacuum is produced at this 
point. This h realh easy to accomplish, 
liowe\er dillicult it. may appear on 
paper. Adjust an exhaust tube ihiough 
the upper cork, and, to make the whole 
ailiiir like an instrument that is intended 
to woik, and not like a model, mount 
it as in Fig o7, where A i- the pump, 
1» (■ l> the exhaust tube; hut at li 
insert a three-way metal tube, and 
attach a baiometer tube (s.ime tuhing 
as before), which dips into a vessel of 
mercury. Tin* junctions with the 
metal tube mnj be made eithei by good 
corks or rubber tied on with wire (the 
glass tube must project noble the metal 
tube in any case), and all the junctions 
well covered with several coats of shellac 
\armsh. The glass tubes may he fixed 
to a board in tin manner shown in Fig. 

by cutting a grooxe in a piece of 
cork, and snow mg a strip of tin or bjass 
oxer the whole. 

The tinal adjustment of the jets can 
only lie made while the water is bowing, 
and the barometer tube, or the exhaust 
tube, is dipping under mercury in order 
to asceitam when the pump is doing its 
best. When the proper position has 
been found (generally obtained by 
twisting the jet, as the point is sure 
not to be quite central^ the corks may 
be covered with electrical cement, or 
sexeral applications id shellac varnish. 

The filtering bottle requires no special 
description. Care must, he taken to 
have a sound cork, and it is ns well to 
soak it iu melted paraffin to fill up the 
pores. The rubber which connects the 
bottle with the exhaust must he as 
thick as possible, and the ends of the 
glass tubes must be placed in contact, 
or the rubber will be flattened hgy the 
pressure of the atmosphere, and close 
the tube. A particular kind of rubber 
tubing is manufactured specially for 
such purposes as these, and cannot, well 
be squeezed fiut, as it has a diameter of 



2 cm., and a boro of only 4- nun. 
However, ordinary black rubber tube 
will do very well for mo^t piirpuM*».— 
(i 'earhook of 1 l hoto.jntj>fi‘/.') 

(fi) Some precipitates are so exceed- 
ingly fiue tunt the best filtering 
paper is incapable of retaining them. 
In such eases tiie dilliculty may be 
overcome by stirring up with the liquid 
to be filtered a little finely-] powdered 
French chalk (or paper pulp obtained 
by dissolving filtering paper in aqua 
regia and reprecipitating in water) ; 
this settling on the filter closes the 
pores of tins paper still further, and 
prevents the passage of the precipitate. 
When filtering hot liquM* which are 
very acid, or have a high specific 
gravity, much annoyance may be caused 
by the repeated breakage of the filtering 
paper. This can gcncially be prevented 
by supporting the apex of the filter on 
a strip of muslin laid across the funm 1, 
or by using papers which have been 
steeped in 1*42 nitric acid for a few 
minutes, washed and dried, whereby 
the paper is greatly strengthened. For 
this purpose, also, an extra strong 
variety of filter paper has been intro- 
duced commercially, the peculiarity 
consisting in a net w oik of linen threads 
interwoven with the substance of the 
paper during manufacture. 

The ordinary funnel with sides at ail 
angle of 60° is not adapted for very 
rapid filtration. The long French form, 
having a length about twice that of the 
widest diameter, yields much better 
results, and used in conjunction with a 
plaited liltcr paper gives the greatest 
rapidity of filtration which it is possible 
to obtain with the simple paper and 
funnel. Two forms of funnel, each 
the subject of a patent, have been 
introduced with the view of lessening 
the disadvantages of the ordinary 
funnel. The first is furnished with 
straight projecting ribs on the interior, 
whic 1 to a great extent keep the paper 
from close contact with the sides, and 
this certainly aids filtration consider- 
ably. The second is of more recent 
introduction, and may be described as a 
funnel of the ordinary shape enclosing 


the body of a slightly smaller funnel 
perforated all over with small holes, 
and kept from contact with the outer 
funnel by 8 projecting ribs, the whole 
ule of t rthi 

The space between the inner and outer 
bodies f the funnel is rinsed at the top, 
and a circular hole is provi led in the 
latter, which may be closed airtight by 
a stopper. The patentees claim that 
thi> funnel maybe used for a vaiiety 
of purposes besides that of ordinary 
filtration, such as vacuum filtering, 
washing prccij.itaf e-. automatically, 
dinl\ sis, Sn\, betides being a great 
improvement on the usual pattern. 
The following k the result of a com- 
parative experiment with the above 
funnel. Time required f«> filter 4 pints 
of liquid, — No. 1. Ordinary funnel, 
plain filter paper, .*>0 minutes. No. 2. 
l*at.ent funnel, plum tiller paper, 211 
minutes. No. .'}. Ordinary funnel, 
plaited filter paper, 8 minutes. The 
high price of the above funnel is it* 
chief objection, otherwise it gives very 
good results. 

The most perfect wav perhaps of 
utilising . paper filter is that suggests 1 
by Dr. Svnics. He makes a linen cone 
aud attaches it at the tup to a wooden 
ring rusting on an earthen jar. The 
linen forms a support, for the filter 
paper, and a suitable cover prevents 
evaporation. 

There is one point to which great 
importance should be attached in the 
consideration of this subject,, and that 
is that there is a certain material or 
combination of material best suited for 
the filtration of any given liquid, and 
much time may frequently be s*tted by 
carefully noting the filtering medium 
best adapted to each particular fluid. 
For instance, a *trong infusion of poppy 
capsules precipitated by rectified spirit 
filters best through swaf^’own, liquid 
extract of bael through pajJer, a strong 
infusion of senna precipitated’ by rectified 
spirit through flannel, &c., and every 
liquid which presents any difficulty 
requires intelligent treatment according 
to its nature. One combination of fil- 
tering materials seems specially adapted 
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to the fill ration of syrups, flannel 
coaled with raw paper pulp. Syrups 
pass through Mich a filter with com- 
parative rapidity, and the filtrate is as 
brilliant, as it is possible to obtain it 
even through paper of the finest texture. 
Tin* hag should be made of vei\%coarse 
flannel, and filled witli a mixture of 
paper pulp and water which has pre- 
viously been boiled until the pulp is 
quite disintcgi ated. As the water runs 
through the bag tin* pulp is left as a 
uniform layer on its interior. 

There are several methods of assisting 
filtration by producing a vacuum in the 
receiving \essel, c. g. wit Ji the r.imscu 
pump; also an arrangement for pn»- 
ducing a partial vacuum In connecting 
the receiving vessel with a bottle full 
»d water placed at a height and com- 
municating with a similar bottle at a 
lower level# The upper bottle acts a- 
an aspirator, and when empty the 
position.* of the bottles call be iwoised 
and the action rendered continuous. 
The piessure exerted by a column of 
liquid may be utilised in two wavs, 
either to force the filtrate Ihiough in 
> tlfl* usual direction, or to make it pass 
upward through the filtering medium. 
In the first- case a reservoir is placed at 
a convenient height, from w Inch proceeds 
a tube terminating in a ring or collar, 
to which the filtering hag is securely 
attached, the height of the reservoir 
determining the pressure on t lie contents 
of the bag. This method is very well 
suited for thick xiseid liquids, which 
contain but. little sediment, ami wliicjj 
filter too slowly under ordinary atmo- 
spheric pressure. In the second case tiie 
filter R attac.hed to the short limb of a 
siphon, so that the liquid passes in an 
upward direction through the filter, and 
herein lies *its great advantage, viz. 
that tli« solivi portion of the liquor, 
instead ofrfjjftlmg on the filter and 
choking unfits pores, tends to move 
away from it towards the bottom of the 
vessel. 

apparatus employed for cent rifi ugal 
filtr^Lion consists of a shallow metal 
box supported horizontally on an axis, 
*uid capable of being revolved with great 


rapidity by means of suitable gearing, 
inside is a similarly shaped but rather 
smaller box made of perforated metal 
or gauze, and fitting into the outer case 
so as to leave a space all round. The 
inner ease is lined with llnnnel, forming 
a bag into which the liquid to be filtered 
is poured. Oil setting the machine in 
motion, the liquid is powerfully forced 
against the sides of the llanncd bag ; the 
clear poition then passes through into 
the annular space between the two cases, 
and leave* the sediment, behind in the 
bag. A high speed is necessary to 
obtain good results. 

Of the various methods just described 
none lends itself moie readily to the 
filtration of thick viscous liquids (never 
ending sources of difficulty when con- 
siderable quantities are concerned) than 
that known as “upwaid” filtration. 
In this, advantage is taken of the 
pressure of the atmosphere by using a 
long column of liquid to suck the filtrate 
through. The apparatus usually em- 
ployed for carrying out this process 
consists essentially of an inverted open 
box ir cone, over the mouth of which 
the tillering medium is stretched, the 
cone being connected at its apex with 
the shoit limb of a siphon. The advan- 
tages of tln^ arrangement, arc that by 
lengthening the siphon leg the rapidity 
of filtration may be increased to any 
reasonable extent, and by its position 
the filtering medium is prevented from 
becoming choked up with deposit, the 
sediment tending lo n*>ve away from 
the filtering surface rather than to settle 
upon it. If a liquid containing a sus- 
pended precipitate be allowed to rest, 
a zone at the surface becomes clear in 
a comparatively short time, whilst that 
near the bottom still remains turbid. 
As a comp iratively clear liquid filters 
much more quickly than a thick and 
muddy one, the position of the filtering 
cone (which must of necessity be placed 
near the bottom of the containing 1 vssel) 
in an upward filtration arrangement is 
hardly correct, as the filtrate is drawn 
from a layer of liquid which is much 
more turbid than that at the surface. 
The correct position of the filtering cone 
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is evidently .it the surface of the liquid, 
ho that, only the dearest portion may 
have tci pass through the filter, and full 
advantage he taken of the clarifying 
etleet of sub-adeiice. 

In order to overcome the di then hies 
('lieountore 1, Bird dented the apparatus 
shown in Fig. lit) with a view of applying 
the principle of upward iilt ration, at cod- 
ing exposure to air at an\ stage of the 
process, and keeping the filtering 
medium in the most advantageous 
position, M/.. at the surtaee of the 
liquid. 

.A is a stoneware jar, of about. 2 g.il. 
Capacity, placed on a shelf at. a height 
of .*> Ci ft. above the \esscl M. it is 
secured to a hoard C of suitable dimen- 
sions, perforated by a circular hole </■ 

B is of wood, in. wide, and also per- 
forated by two holes x and /. <!, A, 

and B are securely fastened together by 
a string or other suitable means. J is 
the filter proper, and consists of a circu- 
lar box, clo-ed at the top and open at 
the bottom, and about J in. Jess in 
diameter than A. .1 is divided at. the j 
centre by a partition, uhnh thus forms 
an air-tight chamber in the upper 
portion. The tube t passes through 
this chamber and communicates with 
the lower half of A, its upper end being 
connected to the glas.s tube H by rubber 
tubing. Over the open mouth of J is 
stretched the filtering medium, con- 
sisting of three Fixers, calico, paper, 
and flannel, the latter being on the 
outside. E is bar of wood to which 
t he glass tubes H and 1 are firmly 
attached, J, H, I, V \ forming a rigid 
system, partially counterbalanced at its 
centre of gravity by the weight K 
through the cord and pulley G, the 
whole being capable of free motion up 
and down, so that J rises and falls with 
the liquid in the interior of A. The 
tubes H and I work through the holes 
a*, r, and </, which serve as guides. The 
weight F should be such that when A 
contains no liquid J just descends freely 
to the bottom of the jar. K is a piece 
of rubber tubing connecting 1 and L, so 
as to allow of the free motion of i. h 
is a glass tube passing into the bottle M 


and twisted once as shown, near the 
bottom. A siphon and pinch-cock N, Z, 
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are required to draw off the filtrate 
from M. . w 

If it is desired to start tfitratiun, A id 
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111 led with liquid, when, by the buoyant 
action of the air chamber in J t aided by 
the weight F, the filter rises to the 
mu face. A cork is inserted in t ho 
bottom of L, and the end of the rubber 
tube V is remoxcd from I; through 
V and I, 1 K L and H ,1 are lille^ with 
liquid (preferably bright). The cornier - 
linn at V is a on in made and seemed, 
and a laye r of odourless In-avy petio- 
leiini oil about \ in. deep is poured oil 
the two surfaces 0 of the liquids m 
:\ and M. As soon as the end of it is 
enclosed, filtration romnu’iieos and'/ois 
on continuously. The oil is of e«>ur>c 
unnecessary in the rase ot liquids whu.h 
do not sutler by exposure to air. (ilass 
jars, furnished with stop-io<ks at the 
bottom, may be substituted Ibr the 
vessels A and M with considerable gain 
in convenience. All joints must be 
bound with waxed thread or wire, and 
thirl, rubber tubing used, to amid 
collapse of its walls and consequent 
stoppage o; the flow; the filter .1 should 
also be well varnished with shellac dis- 
solved in methylated spirit. The con- 
struction of tins filter demands but a 
sinj|ll amount of mechanical skill; it 
•works continuously, requires but little 
attention, and perfectly pioterts 
liquid passing through it from the 
action of the atmosphere at any stage 
of the operation. 


bath of tin or paraflin, the initial tem- 
perature noted by a thermometer, and 
the bath quickly heated until the 
* explosive flashed off, when the temper- 
i at ure marked by the thermometer was 
| again not* d. The follow ing table shows 
some of the results obtained:— 


Hum n|>liou of 

(Nonprossed military gun- 
rot ion 

Air-dried military gun-cotton 


(Jun-rotloii dried at (»5° (-. . . 
Air-dued collodion gun-cotton 


„ gun-cotton 

»» n .... 

Ilydronitro cellulo-e . . 

Nitio-glyeerine 

Kieselgubr d\ uannte, No. 1 

Explosive gelatine 

,, „ camphorated 

Mercury fulminate 

(lunpowdei* 

Hill's picric powder 

Forcifc, No. 1 

Atlas powder, 75 per cent. .. 

Emniensite, No. 1 

„ No. 2 

„ No. ;j 


Fi.h.r point 
m lit k <j 

18(L201 
170-1815 
1st; -isti 

l.M mi 

1.KM41 

18«i-101 

197-199 
192-195 
1 “2-197 
194-197 
* 201 - 21 :? 
202-205 
It >7 200 
2o.*> 209 

174 182 

175 181 
278-287 
272-28.1 
272-290 
J 84-200 
175-185 
107-184 
105-177 
205-217 


Explosives. 

Rirenyths. — Lieut. Willoughby 
Valke, of the U.S. Artillery, lias 
recently communicated to the journal* 
“f the American Chemical Society an 
important paper on the relative strengths 
“1 modern high explosives, which L 
interesting as illustrating the consider- 
able rariatiqp in the comparative 
strengths, not only of different explosive-* 
“f acknowledge'! vafue, but of the same 
explosive ntL.ufacturud at different 
times and under slightly different con- 
ditions. C. E. M unroe lias already 
pointed out that the firing point of an 
explosive is also a very variable number. 
In hUgjlnore recent experiments, a thin 
copper cartridge waff placed in a molten 


Lieut. Willoughby Walke, in his experi- 
ments, employed a (Juinan pressure 
gauge for registering* tlu* pressures 
developed by the explosives, in preference 
to other methods used by the older 
investigators, as even the crusher used 
| by Port helot ga\ e only approximate 
| results, as shown by Saran and \ieille. 
The instrument employed consisted of a 
heavy block of wood bolted to a cast-iron 
base, in which were 4 iron guides set 
around a 4-in. circle. A steel plate is 
let into the iron block Hush witl^ its 
upper surface, and a ring holds, the 
guides in place at the top. The piston 
is a cylinder of tempered steel moving 
freely between the guides, and rests on 
a plug of lead which is to be compressed. 
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Composition. - -The following tal»lo shows the composition of the more important kinds. 


c 

Name of l’owder. | a 
! j* 

7j 

0 

u. 

’Jj 

y.Z 

a ■ 

"E 

•j 

i c 
♦j n . 

■ 

u 

3 

'o 

5 

Ileum It .... X 

X 


i 

" i 

I .annoy .. .. X 

X 

1 

1 

Davey X 

X 


i 

Pyrnnome . . . 20 


52 r> 

1 

O.xlund .. .. 1 (> 


h?l 

1 

Robert I Me . . X 

X 


i 1 

Schwartz 1 1.) .. 1 U * 2 

1^-0 

20 r. 

i ! 

„ (II.) .. yi* 

fill 

1-1 

i 

Kup !) 

III! 

s 

j 


lludcnberg . . . . 10 

21 

*10 



Tveliow ami Shoit 10 

10 

20 , 

10 



Spence 



X 

i 


Vynaud .. .. 

2 





Neuineyer . . .. 

x 



i 

White powder .. 



l 

1 

Dynamite .. .. 




7s ! 

Dualuie .. .. 


1 

so 

20 

Rend rock - . . . 

10 

: 

10 ' 

(Hunt, povvi.er . . K 

to 


30 j 

Vulcan . 7 

IS 


35 

Mica 


1 

f>2 

Hercules . . . . 


1 1 

77 

lilei trie . . . . 




33 

Dessignolli’s 

00 , 




Ilrugcies .. 

r.u 

i 


Tonite .. .. 




52-0 1 

Explosive gelatin* 1 

1 



7 

At'as A 


2 

75 « 

li. .. . ' 

.ludson (No 2) . . n-5 


21 

50 ; 


00 

20 , 

„ (No. 2).. 10 


04 

r. ! 

Rackuiock . . . . , 

! 


77*5 

22-5 , 

Foicite .. .. * 

| 


05 

5 

Gelignite . . 

22 


5U-5 

il’d 

Py rollte (1) .. 20 

r>i 



„ mo .. 17 

1 < 

1-7 . 



Saxifraguie (1,). . 


I 



„ (11.) 

•j 




American powdu 

10 




Krhardt . . . 

1 


1 



Hahn 

307-5 

| 



Horsley . . 



9 



Spence .. .. 1 

- 20 





Roburitfc . . . . j 

X 





Carbody namif. 1 . . ■ 




00 


Mcgamte .. .. 1 


X 


X 

X 

Fort la X 

X 





Cordite or Abel. . 




92 

8 

Green powder . . 1 

1 



70 




is 

x 

11*7 

ir» 

14 . 


~ j Other Jngmlients-and Not< s. 

1 1 

; Ordinal y p der v, itli 7 per 
cent ol gypsum, 5 

X ' 

+ starch. 

I- 27-5 tan. 

4- 120 lignite. 

4- l R dehydrated sodium 
Hidphate. 


, 4- i lignite + 4 sodium tar- 
lr.it o. 

+ til tan. 

4- m ilium carbonate or 
, starch. 

4- 70 barium nitrate. 

; 4- potassium cyanide. 

4- l poke mum cyanide 4. 

| 1 sug..r. 

4- 22 satid. 

4- 13 cellulose 4- 7 paraffin. 

j 

' 4- 48 mica. 

4- 2 cellulose 4. 20 luag- 
| neslmu carlmnat!. 

1 Host unknown, t 
! 4- 00 potassium plrrat* {- 
j charcoal if usi d lor cannons 
! or small firearms 
4- 00 ammonium picrate. 
j 4* 47 *5 barium nitrate. 

| 4* 4 camphor. . 

*21 4-2 mugnesium carbonct*. 

it! 4* 2 magnesium carbonat . 


120 

10 


1-5 


21 

22 


4* 6 sodium sulphate. 

4-77 barium nitrate. 

4-70 , t „ 

4- 22 sugar 4- 2« potassiiftu 
cyanide. 

4- 2 tannin material. 
4-40* spermaceti 4- 168-5 
i antimony sulphide. 

4- •Vp i >wd ,, red galls. 

4- ‘AoC 4 * 5 sodium ,car- 
bonify. 

4- nitronaphthalcne. 


4- ian. 

4- 20 picric a&d 4- 10 po- 
ta«siCm cyanide. 


Note, x ^denotes that the amount of ingredieBt present is unknown, (Industrie*.') 
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The piston weighs 12 J lb., and the ex- 
plosive is placed in a parabola-slmped 
cavity at its top. The shot was also 
made of tempered steel, 4 in. diameter 
and 10 in. long, and weighed 34£ lb. 

The instrument is worked in the 
following manner: — The lead fdug is 
placed upon the steel plate, the piston 
is placed gently upon it, and the shot 
next lowered upon it. The fuse L» 
lighted, and t he charge, in exploding, 
throws out t.lie # shot and compresses the 
lead plug. The accuracy 'T the tc.st is 
based upon the assumption that tin* 
lead plugs are of uniform density and 
homogeneous in structure, and the 
author, by cutting bis plugs from bars 
of pure lead manufactured from large 
masses of metal at a high temperature, 
believes that the error from want of 
these conditions is reduced to a mini- 
mum. Tli** amount of compression is 
finally expressed in ft. lb. by plotting 
the actual compressions measured by 
Ihe Quinan gauge against the work 
actually done on the lead by known 
pressures. The author, however, did 
not. plot out his results in this mount r, 
# but preferred simply to use the method 
for determining the relative strengths 
of the explosives examined, instead of 
calculating from the observed compres- 
sions the absolute pressures exerted. 
The following table gives a summary of 
the results ohtainAl, the order of 
strength being given in numbers, nitro- 
glycerine having assigned to it the 
value of 100: — 


Nuinc of Kxiilobivf 

Explosive gelatin 
(made^ by Yuuge’s 
• process) * . . ..O’ 585 

Helihoflite .. .. 0*585 

Nitro-gly cerise (old) 0*551 
Nobel’s smokeless 
powder .. . j * 0*509 

Nitro-glyccrlbe 
(fresh) . . .. 0-509 

Kxplosive glycerine 
OHJfde from above) 0*490 
Gun-cotton (1889).. 0*458 
(1885).. 0*458 
Ni tro-gl y ceri»e(made 
by French process) 0 *451 


Onlc 
Sift i 


100*17 

10G-17 

100*00 

92 * 08 

92*37 

88*93 

83*12 

83*12 

81*85 


Nnmp Cl >mproKhion of Oidwnf 

” ftTO ' of * ,5kl ’ Io51TO * C> hndci, In. Strength. 

Gun-cotton 


(laboratory) 

0*448 .. 

81*31 

Dwiamite, No. 1 .. 

0*448 .. 

81*31 

Dynamite deTr.iuzl 

0*437 .. 

79*31 

Enirnensite ,, 

0*429 .. 

7 / * 8f> 

Amide powder 
Oxonite (from fused 

0*385 .. 

Ci»-«7 

piciicacid) .. 

0*383 ,, 

09*51 

Tomt<* 

0*370 .. 

08*24 

Bellite 

Oxonite (picric acid 

0-3(12 .. 

05 * 70 

not fused) .. 

0*354 .. 

04*21 

Uaik-a-rock .. 

0 340 .. 

01*71 

Atlas powder.. 

0*333 .. 

00 • 43 

Ammonia dj namite 
Voinov’s powder, 

0-332 .. 

00 * 25 

No. i 

Yolney’s powder 

0*322 .. 

58*44 

No. 2 

0*294 .. 

53, -IS 

Melinite 

0*280 .. 

50*82 

Siher fulminate 

0*277 .. 

50*27 

Mereun fulminate .. 

0*275 .. 

49*91 


Mortar powder 

(Dupont) .. .. 0*135 .. 23*13 

(Industries.') 


FiKEI'UOOFINO. (ii. 

Buildings. — In the course of a 
recent lecture by Dr. Tanner before the 
Louib\illc Hoard of Underwriters, the 
subject of fires caused by steam pipes 
and hot-air flues was discussed at con- 
siderable length. In the course of his 
address, Dr. Tanner spoke as follows : 

James liraidwood, who was for many 
years chief of the l.omlon Fire Brigade, 
made the startling statement in 1840 
that it was his belief that ‘* by long ex- 
posure to heat not exceeding 212° F. 
timber is brought into such a condition 
that it will fire without the application 
of light. The time during which this 
process will go on until it ends in spon- 
taneous combustion is 8-10 years, so 
that a fire might be hatching in a man’s 
premises during the whole time *j|’ bis 
lease without making any sign.” 
Among the many instances cited by 
Braidwood in support, of this statement, 
is one to the effect that a fire in the 
Bank of England was traced to a stove 
which w as resting on a cast-iron plate 
» 2 
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1 in. thick, this in turn resting on eon- ; 
crete 2J in. thick, which was supported j 
by wooden joists, the joists under the 1 
stove igniting. If this is a cause of lire, i 
then the majontv of houses hunted by j 
means of steam, hot. water, and hot air 
are inconstant danger of lire from spon- ( 
taneous combustion, since t.he general im- 
pression prevails that the pipes and lines 
for heating can w ith impunity be placed j 
in contact with timber. I 

Jn examining this eau^e of tires, the j 
first question is whether wood will clur i 
at as low a temperature as 2L2 0 F. In | 
tearing down houses for the purpose of ' 
rebuilding, the timber in contact with ! 
t lie heating pipes an l Hues has often j 
been fouu I charred, Uharcoa! is made i 
for certain purposes in the arts at 30iP F. j 
As the result, of experiments performed | 
in the laboratory, small piece-, of white j 
pine heated a few hours in an air hath 
at a temperature of 30D n F., were par- 
tially converted into charcoal. Con- 
sidering these facts, it must, be admitted 
the temperature of 212° F. is suliicient, 
if applied for a long time, to convert 
wood into a partially burned charcoal. 
Accepting this as a fact, the licit, point 
to consider is the degree of heat at 
which charcoal w r i 1 1 ignite. Made 
from the same wood at different, tem- 
peratures, the product ignites accord- 
ingly ; that is, if made at a low heat, it 
tires from a correspondingly low tem- 
perature. It has been determined ex- j 
perinientally that charcoal for making I 
powder, wdien made at f>00° F., would 
fire spontaneously at 080° F., and when 
wood has been carbonised at 200 J F., a 
temperature of 340° F. only was re- 
quired for spontaneous ignition. Under 
certain circumstances, charcoal at a 
temperature of 500° K. even will ignite 
when heated to 212° F. 

So far the discussion of heating pipes 
and flues as a cau 9 e of spontaneous fires 
has been upon the false idea that, they 
arei ever heated beyond 212° F. Under 
the ordinary pressure of the atmosphere, 
as when water is heated in the open air, 
it boils at 212° F. f but if it is heated 
under pressure, the boiling temperature 
increases accordingly ; for instance, water 


boiling at a temperature of 212° F. Is 
under a pressure of 147 lb., equal to a 
column of water 1 in. square and about 
I hi ft. high; if the pressure is increased 
to two atmospheres, the temperature 
i eq uired will i in reuse to 24il° F. t and so 
mi, so .hat when a steam gauge registers 
<i'l the actual pressure is 73 lb., and the 
tempci at ure at which the water is boil- 
ing as high as 307° F. The higher the 
house, the greater must he the pressure, 
and hence the higher the temperature 
at which the water boils, and it follows 
that the pipes must heat accordingly, 
and it is stated that in some sv stems of 
hot, water heating the pipes have the 
water started through them at a tem- 
perature of :»:»n° f. 

I>y the system of low-pressure steam 
heating, which is far the most geneiallv 
used, the pressure i" only f>-7 lb. above 
that, of the atmosphere, w^tli a corre- 
sponding temperature of 228° to 233° F. 

Then, when furnaces are used for 
li eating, the temperature in a flue has 
been found to be 300° F., at a distance 
of 30 ft. from the lire, (\mple these 
figures with those given in reference to 
the heal j ‘ccssarv to produce charcoal 
and cause its ignition, and it must be 
admitted that these pipes and Hues for 
heating are responsible for many fires. 
The application of these facts is as 
follow-.: After long exposure, the wood 
in contact with tine heating pipes and 
lines is changed on the surface to char- 
coal. During the warm season this 
charred surface absorbs moisture from 
the air; then in the fall comes a cold 
spell and heat is turned on, when the 
moisture is driven from the pores of the 
charcoal, leaving it in a condition to 
readily absorb gases. The cold abates 
and the heat is lowered ; fresh air in 
abundance then passes info the confined 
spaces where the *>ipes are generally 
placed, rapid absorptiof of oxygen from 
the air by the charcoal follows, with 
heating and spontaneous firing, as 
already explained. 

The body of the timber is heated, and 
this heat prevents too rapid cooling of 
the charred surface when the fxbsh air 
passes in, otherwise the Charcoal would 
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he placed uiuler circumstances unfavour- 
able to ignition. Tho experiment of 
burning iron filings in the flame of a 
spirit lamp lllustiatcs the influence of 
division upon the igniting point ; now, 
if the iron is in a pulverulent slate, as 
when made by hydrogen, it w 1 14 , when 
freshly made, ignite to a red heat when 
shaken into the air. '1 hen, if it is true, 
as stated by an English scientist, lhat 
the oxide of iron, if placed in contact 
with timber and excluded from the air, 
and aided l»v a slightly increased tem- 
peiaturc, will part with its ox\ gen and 
he converted into very finely dixided 
] artu les of metallic iron, here is another 
cause of tires from heating pipes. For 
during the summer the pipes rust, and 
then when heated the rust is i educed, 
leaving the metallic iron in the same 
<onditiou as that made by hydrogen. 

The teyipciature is lowered, fresh 
air appears, and owgen is rapidly 
taken up by the finely divided iron, 
each paitieie heating so rapidly to 

give a red heat, to the mass. As 

carbon is able to overcome quite strong 
chemical affinities, ami will reduce the 
otido under strong heat, theoretically 
it is possible, and the authorities all 
tend to prove it. Considering all the 
points hearing upon hot water and 
steam pipes, also heating flues, an 
explanation is found of the gicat 
number of tires occurring at the ap- 
proach of winter, and which are 
reported as from defective flue*., sup- 
posed incendiary origin, 
unknown. Steam pipes parked in saw- 
dust or shavings to retain the heat 
while steam is conveyed to a distance 
have fiven tires. One peculiar and 
important instance is on record of a 
fire from steam pipes. In the drying 
room of a ^vonllen mill, a pine board 
was placed som% 3-4 in. above the 
steam pipes t*^ j ire vent wool from fall- 
ing upon tjpem. A fire followed, and 
after being put out, a careful examina- 
tion determined to the satisfaction of 
alf; that the heat of the pipes had dis- 
tilled. the pitch from several knots in 
the ^iine braird, and this dropping on 
the pipes had ignited and caused the 


tire. The illustration needs no com- 
ment, as the lesson is too plain to need 
pointing out. (Dr. Tanner.) 

| Ft/ ejo'oof Whitewash.- — It is found 
| that a most cllectne composition for 
; fiieproofmg exterior surfaces may le 
1 foi tiled by slaking a sulluieut quantify 
| of freshly burned quicklime of the best. 

I guide, and when the slaking is com- 
; pi etc their is added such an amount of 
skim-milk, or water in its absence, as 
will make a liquid of the consistent y 

■ of cream. To every lft gal. of this 
liquid are added, separately and in 

■ powder, stirring constantly, the follow - 

■ mg ingredients in the coder named: 
*2 lh. alum, ‘24 oz. subeai bonnte of 
potassium or commercial potash, and 
1 lb. common salt. If white jaint is 
desired, no fui t her addition is made 
to the liquid, though the whiteness is 

! found to he improwd by a few* <»z. 

| plaster of Paris. Lampblack has the 
j effect of giving a number of shades 
J fiom slate-i oloui to black. Whatever 
( tint is used, it is incorporated at this 
| stage, aud the whole, alter being 
I strained through a sieve, is i mi 
through a paint-mill. When read) to 
apply, the paint is hinted nearly to the 
boiling point of wafer, and is put, on in 
! its hot condition. It is found that the 
addition of a quantity of fine white 
sand to this composition renders it a 
\ a I noble covering for roofs and crum- 
bling brick walls, which it serves to 
protect. 

Farjironf Floors. — ^t a meeting of 
t lie Society of Engineers, a paper was 
read on the above subject by Cl. 1\I. 
1 au'ford. After alluding to the con- 
crete floors and roots of the Romans, 
the history of firopioof flooring was 
briefly traced, showing how t lie brick 
arch gradually gave way to the dillcr- 
rnt applications of concieteand wrought 
iron now in general use. The objects 
of fireproof flooring were stated to he 
as follow : — • 

(a) To divide the building into a 
complete series of tire-resisting com- 
partments. 

(/i) To gain strength, and in so doing 
to qvoid lateral thrust op the ^vplls, 
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and to distribute tlie weight equally 
over them. 

(c) To render the floors soundproof, 
as well as fireproof, and 

(</) To secure the building from both 
dry rot and damp. 

detailed descriptions were then 
given of the following types of enn- 
'.truction as instances of modern piac- 
f ire : — 

(1) The concrete arch floor, illus- 
trated by Dennett's and Wilkinson's 
systems. 

(2) The flat, or suspended concrete 
floor, illustrated by 1 >a\v nay's, Lind- 
say's, and ( j| a rd tier’s systems. 

(:») 'file arch block, or American 
floor, illustrated by the Ihmlton-l’eto 
system. 

(t) The flat brick, or French floor, 
illustrated by Homan and Rodgers’ 
system. 

(.*>) The solid wooden floor, illus- 
trated by Evans and Swain’s system. 

Several other systems were briefly 
described, as having been introduced 
from time to time with varying suc- 
cess, including those now in vogue in 
French and American practice. 

After contrasting the individual 
floor.-, and the different types of con- 
struction, the two leading features 
for consideration were stated to be : — 

(1) Which system gave most pro- 
tection to the iron work supporting 
the floor? 

(2) Which of the different materials 
employed gave most resistance to 
fire ? 

On the first question, the solid 
wooden floor (Evans and Swain’s), re- 
quiring no iron work for spans up to 
;U) ft., was considered to be the best; 
but next to it, and certainly in advance 
of the otheis on this point, was placed 
the Doulton-l’eto floor, the hard burnt 
clay blocks, with their overlapping 
bases, forming a most efficient pro- 
tection to the joist. There was little 
to choose between the arched and flat 
coucrete floors, as in the former there 
were comparatively few joists depen- 
dent on a plaster covering, while- in 
the latter there were 4 to (i times 


the number of joists, but completely 
encased in concrete ; except in the 
case of Hoinau and Rodgers* floor, in 
which both T-irons and joists depended 
on a ] darter covering. On the second 
question a comparison was made be- 
tween concrete in the different forms 
employed, brick work, terra cotta, and 
solid wood, and it was stated that for 
fire-resisting concrete, broken brick 
was preferable to coke breeze, as the 
actum of intense heat tended to make 
burnt clay harder still, while coke 
breeze would calcine and burn away. 
The flat brick and terra cotta floors 
were both open to the objection that 
the floors were constructed in layers of 
materials differently affected by heat ; 
but the terra cotta floor, giving better 
protection to the iron work, was 
entitled to the preference, while the 
solid wooden floor, though inflammable 
by nature, w* uld probably give as 
much resistance as cither brick, con- 
crete, or terra cotta floors. A floor of 
the fl.it brick type, designed and 
patented recently by William Lindsay, 
juiu, deserved recognition, as appar- 
ently fulfilling the two requirement.’, 
laid dnwu by the author ; but as it 
had not yet been used, criticism would 
he premature. It was, however, 
observed that the cost and weight 
were less than those of any of the 
similar floors in t^e appended table. 
The conclusion arrived at finally was, 
that although the floors described 
were capable of giving great, resistance 
to fire, retarding its action by confine- 
ment, and in this way giving greater 
chances of extinction, a brick arch was 
the only absolutely “ fireproof ” , floor, 
and that it would be more correct to 
describe the others as “fire resisting.” 

The houses of the fireproof towns of 
the River Plate are bujlt as follows, the 
material being brick. Ki-fh floor, and 
the roof (which is flat), is supported by 
joists of hard wood, about the same 
distance apart as in this country; 
across these are laid flat rails of the 
same, aud the spaces between these are 
bridged over by thin bricks 13j> in. 
long, their ends resting on the rails ; 
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Taulf. giving Relative Cost, Wetgiit, and Safi: Load or a Fioou, 12 ft. 
hi: A KING, IN T1IE DIFFERENT SYSTEMS DesCIUIIEI) A HOVE I — 

C*ost i'M sq. jil. Weight per sq. ft. 


j\ n 11 

const nation. 

Exclusive 

li'«'hisive 

ExcIumm 

Inclusive Safe load l.onidh 

>f 

of joists. 

of joists. 

of joists. 

ot joists, per sq. It. aid). 

Spall. 


*L 

s. d.% 

lli. 

Ih. 

cwt. ft. 

It. 

1 >cnnct. 

. <i D 

. 0 :i 

. . :>o 

. M . 

2 . . 12 

1 0 

Doulton 

. <i (i 

. 0 0 

. . :io 

. m 

. 2 !! 12 

G 

Wilkinson . . 

. G 0 

. 7 G 

. . r»o 

. :>2 . 

. 2 .. 12 

10 

Flat construction. 

I kiw nay 


..70 


. 40 . 

l'eaiing 

<t. 

. 2 .. 12 

Immaterial. 

Gardner 


..70 

— . 

. 4G . 

. 2 .. 12 


Homan and Rodgers — 

..70 

. 


. 2 .. 12 

«, 

Lind, ay 

. — 

..70 

. . — . 

.4 4- . 

. 2 .. 12 


Kvans and Swain 

. . H»s. 


20 lb. 

. 7 .. 12 




* No j'oists roquiieil. 

(G. M. LawfokiO. 


another la\or of l>ri< a k$ is then laid - the stage in this p:vi til 1011 should ho 
with line, ami generally this <h' fended by a metal screen, or a fire- 

l.i\ er of Hat tiles. The roof is exactly 1 pi oof curtain of some sort, though it 
the same, but has a slope of about 1 in ' appears, iroin the experience of the lire 
00. Then the doors and windows have ! at the lierlm National Theatre, that the 
no boxes, hut simply frames, which are I iron curtain actually tore down part, of 
set upon building the walls, and built the wall, so that this means of protection 
in. Thorn is no lathing, nor wminscot, has its objectionable features. Perhaps 
nor skirting of the bottom of the walls, the curtain de\isod bv ('apt. Shaw, 
* A ltd all the wood is of the hard and | which can, in a very lew minutes, be 
hardish kinds, slow to ignite Thus saturated w it li water, w mild he elVcctive 
the houses are, as already said, ah- to this end. There should be an ample 
sol utely fire-proof. (T. Gibson.) water supply, either by resen oils at 

Theatres . — The points which, in the sullicient height, or by connection with 
opinion uf the Society of Arts Committee, the street, supply — the latter for pre- 
should be attended tofln the construction, ference. Hydrants, and other proper 
of theatres, may be classified as fittings, should be provided in abundance, 
follows: — (<*) Structural (including The Committee have had a favourable 
arrangements for heating, and with account of the action* in some ware- 
special reference to exits). (/>) Ar- houses in America, of an anangement 
raiigrment and treatment of scenery for deluging any part of a building by 
and accessories, (c) Arrangement of a shower of w at er from fixed perforated 
illmnilfating appliances, and stago pipes, Means should he provided for 
elfccts involving the use of gas, pyro- 
technic compositions. &e. 

(a) Structural. — These are certainly 
I he most important, of all. First, the 

building itseltAdiould bo constructed in would now nearly always bn the ca^e, 
a manner circulated to chuck the spread drawn into the hotly of the theatre by 
of a tire. To this end it should be the draught usually existing. *It is 
divided as much as possible bv tire- | desirable that a theatre should be, as 
prflbf partitions, and above all,* there j far as possible, separated from adjoinin 
should he a division between the sta buildings, especially from buildings in 
and ftie aud^orium, extending from the which any trade or business is carried 
kasc to the roof. The opening from | on likely to lead to fires, The same 


tarrying ott smoke ami heated air, in 
case of a lire breaking out on the stage 
or amongst the scenery, so that they 
mav ua^s awa\. instead of being, as 
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provision is also of importance* with 
regard to exits, it being of Die greatest, 
consequence that a theatre should 
discharge its audience into more than 
one, street, even, if possible, into more 
than t wo. The diileretit pait*. of the 
theatre should have dillereut exits 
lea ling right out. to the street, exits 
bringing streams of pel, sons together 
being specially dangerous. Such exits 
should increase in width outward*-, and 
should he free from interruption or 
impediment of any character. Steps in 
passages, either ascending or descending, 
should he avoided, and anv other 
obstruction likely to cause people to 
fall. AH doors should open outwards. 
Staircases should he properly fitted on 
both sides with hand-rails. As regaids 
heating, it does not appear that special 
arrangements are generally alopted for 
heating theatres, except b\ means of 
ordinary tire-grates in refreshment 
rooms, lobbies, &c. Should the electric 
light come into general use tor lighting 
theatres, it is possible that they will 
require to he specially wanned, in 
which ease the usual precautions will 
have to he employed. 

(b) Arrangement and treatment of 
scenery and accessories. — As regards 
the scenery and the lighter sort of 
costumes, there seems to be no doubt, 
that measures ought to he taken to 
render these uuinfhmiinable, or at all 
events, not easily inflammable. For 
fabrics, tbe best material seems to be 
tungstate of spda, and this has been 
successfully employed in some theatres. 
Henderson, at that time the proprietor 
of the Criterion Theatre, giving evidence 
before the House of Commons Committee 
of 1877, said that he used it, and that 
there was no difficulty in its use as 
regards new scenery *, to old scenery, 


or a borate for their basis. The effect 
of all such preparations is, that if coats 
the articles, or, in case of fabrics, the 
fibres of the articles, with a non- 
inflammable substance. This does not 
prevent the evolution of gas fiom the 
material when sufficient heat is applied, 

1 and the gas thus evolved takes fire, and 
. burns. When the source of external 
heat is removed in more gas is evolved, 

| and combustion ceases. Thus it may 
' be said that, the article will burn when 
j exposed to sufficient heat, but has not, 
ui itself, the power of supporting 
combustion. One effect of this is, that 
it is very much more difficult to set. 
such materials on fire, and this alone is 
sufficient either to pvexent the breaking 
out. of lire at all, or to render it much 
easier to deal with alter it lnv> broken 
| out.* 

I (r) Arrangement of i'luminating 
| appliances, and of stage effects in- 
volving the use of gas, pyrotechnic 
compositions, &e. -There is not much 
to he said about the ordinary lighting 
i arrangements. In all theatres they are 
I generally under the control of a special 
| gas-ma i. It is desirable that precautions , 
should be taken for tin* ventilation of 
places in which the meters are fixed, 
generally underground cellars, to avoid 
the risks of explosions. 

When electrical illumination is 
employed, the necessary precautions 
should of course he taken; in fact the 
rules laid down by the Society of 
Telegraph Engineers apply equally 
! an ell to theatres as to ot her buildings. 

| Whatever system of illumination may 
. be employed, whether gas or electricity, 
it, is ah>olutely necessary that, oil or 
| candle lamps should be fixed up in the 
passages, and near the doors, so that, 

I in case of the failure of \he ordinary 


he said, it could not he applied. There ( lighting arrangements,^ the audience 
appears to he no reason why the may not be left in thc'dgrk. This is 
woodwork of scenery should not he now done in many theatres, and ought, 
treat'd with silicate of soda, either to he done iri all. Curiously enough, 
with or without a lime-w r ash. it has happened that these lamps have 

The scenery of some London theatres proved a source of danger, as a theatre 
is now treated with some of the more m Hungary is reported to havc^ been 
recently invented preparations, most of burnt by one of these “« alternative w 
which, it is understood, have a silicate lamps, 
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Tlic lighting arrangements for the 
stage are often very dangerous. The 
rules which now exist as to the use of 
naked lights upon the stage ought to lie 
strictly adhered to. All lights should 
he, and in many t heat job are, carefully 
protected: the footlights should haxc 
a grate before them; wooden battens 
over the stage, carrying vows of gas 
lights, should never he allowed. 

Small accidents hn\ e not. imfrc'piently 
<•< curved from the careless use of the 
oxy-hydrogen liglit. This light, when 
carefully employed, is ] perfectly B.ife, 
hut in the hands of careless <• in- 
experienced persons it is liable to give 
rise to explosions of a dangerous cha- 
racter. 'Jhe causes of many of the 
explosions which have ocumvd, not 
only in theatres, hut during other 
exhibitions where the light has been 
used, have ^iot always been traced, but 
probably in many cases they are due 
to the gases having become mixed in 
one of the hags. A hag in which a 
little hydrogen remained may have 
been, by mistake, filled with oxygen, 
and thus a mixed gas of a very explosiv 
character produced. Another source of | 
tnese explosions is sudden alteration of j 
pressure upon the hags, hv which the ! 
mixed gases are drawn hack into one of | 
the bags, when a similar result occurs. 
It would he well if the very simple 
device were emplo^d of storing the 
gases, when the ordinary coal-gas mains 
are not employed, or the oxygen gas 
when they are, in proper gas-holders 
and outside the walls of the theatre^ 
laying th*. gas or gases on in the same 
xvay as ordinary illuminating gas is 
laid on? 

The use of pyrotechnic compositions 
is a common source of danger, and it is 
believed t.haff many of the most serious 
fires are due to thtin. Poitions of the 
material arg left about after the con- 
clusion of |,hc performance, become 
ignited, and the result is a tiro. Some 
of these compositions have, moreover, 
proved to he capable of spontaneous 
ignition. Whenever these materials 
are ^sed — imd it .would probably bo 
useless to attempt to stop their use— 


the greatest precautions ought to he 
taken. In some places, burning houses 
have been introduced on the stage. 
This is certainly a most dangerous 
pi act ice, and might well ho forbidden. 

Extinguishing 1 Compounds 
and Apparatus. — Prof. Sil vanus J*. 
Thompson, in a recent lecture, says that 
nothing hut a self-acting or automatic, 
sxstem, which will operate at the right 
moment and at the very spot, without 
the intervention of any human hand, 
will meet the case. 

Model n automatic appliances for the 
| prevention and extinction of fire may he 
! grouped under tin* following heads; — 
i (ii) automatic sprinklers; (h) automatic 
fire-doors; (r) automatic alarms; (*/) 
mist ellaucoiis appliance.*). 

(ci ) Automatic Spi iuklers: — Foremost 
and most impoi taut of modern appliances 
stands the automatic sprinkler. Pi icily, 
j it is a s) ccies of self-acting valve coll- 
ected x it h a svsteni of water pipes 
placed a the ceiling of a room, which, 
lit break of a fire, open and dis- 
tribute water in a shower of spiny 
exactly at the place wheie the tire 
breaks out. It is also usually arrang d 
so that, whenever it is called into oj 
at ion by tl heat, it sounds an alarm 
hell, and summons aid to spot It 
is both fire extinguisher and file alarm 
in one. Concerning it, Edw ard Atkinson, 
president of the Poston Manufacturers 
Mutual Fin Insurance Company, .-ays, 
“we consider the automatic sprinkler 
the most valuable auxiliary appliance, 
the best fire detector, the watchman 
who never sleeps, and the device which 
is least likelv to he out of order when 
needed.** 'I he saving effected in New 
England alone during 8 vear.s hv tin 
introduction of sprinklers is calculated 
to amount to .‘100,000/., and their use 
extending e»ery day. The introduction 
of sprinklers reduces the ri.sk of confla- 
gration by fire to Jess than a twentieth 
part. 

earliest suggestion for the auto- 
matic distribution of water in a building 
appears to have been made in 18<K> by 
Joim Carey, of London, who took out a 
patent for “ the extinguishment of fires 
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in gentlemen’s a] »art m cuts ami ware- 
houses ” by means of rose sprinklers 
connected by pipes with a rain-water 
tank. Valves weighted to open, but 
held back bv a combustible cord, were 
placed near the ceiling, so as to burn 
and turn on the water. A few \ ears 
later. Sir Win, Congreve took out 
patents for a system of distribution of 
water by bulbs, roses, or perforated 
pipes, supplied by water-mains through 
valves operated from outside. He also 
proposed to work valves automatically 
by cords, which were sec lin'd with “a 
cement fusible at 110° F. or less.” 

Jn 1852, William Maceaboy proposed 
a kind of sprinkler, in which the water 
was distributed by a rotating ‘•mill” 
like a Hero’s engine, covered with a rap 
of lead, guttapercha, or fusible alloy. 
Rotating sprinklers have been subse- 
quently patented byCrangei, I’nrmeloe, 
and others. 

In 1801, Louis Rough ton patented a 
sprinkler having a rose-head with a 
neek plugged with a fusible suhstau 
such as fusible alloy, or a mixture of 
wax, resin, and steaiine. 

In 180 1, Captain A. Stewart Harrison, 
of the 1st London Engineers, produced 
an excellent form of automatic sprinkler, 
which embodied a good many of the 
principles in the more recent forms. 
Harrison’s sprinkler consisted of a rose, 
through the perforations of which the 
water would he forced; hut an internal 
valve held back the water, the valve itself 
being secured by Kohler. Hut it should 
he noted as an' important point that 
Harrison secured the valve at the lowest 
point of the sprinkler, outside the rose, 
by a stem, which passed downwards 
through the sprinkler. 

Another form of sprinkler, introduced 
by F. W. Whiting, has a conical or hemi- 
spherical rosette, covered by a thin metal 
cap, soldered all round the edge. The 
water pressure tends to fear the soldered 
flanges apart. 

It may be here remarked that 100 sq. 
ft., i.e. an area 10 ft. square, forms a 
convenient unit of reference in connec- 
tion with the distribution of water by 
sprinklers. 


There weresowral powerful objections 
to the methods adopted up till that time. 
With impure water the perforations of 
roses or pipes were liable to choke ; and 
in the ease of iron pipes, rust produced 
the same effect. r l lie ingenuity of in- 
ventory was called out to meet these 
ditfioultioj. Harrison countersunk the 
orifices m his rose ; Whiting patented a 
! plan of letting eyelets of brass into the 
orifices; Burritt devised a method of 
dislodging sediment or dust, by means 
of a thimble with a rounded end, which 
when detached by the melting of the 
solder, is churned round inside, a per- 
forated rose by the action of the water. 

A more serious defect was that the 
water in the sprinkler or pipe, by its 
near presence to the solder, abstracted 
the heat and delayed the opening of the 
valve. This had indeed been positively 
olniated in the forgotten sjuinkler of 
Harrison, by the interposition of a block 
of wood between the water-valve and 
the soldered joint on the stem. 

Another defect arose in some cases, 
where rubber was used as the material 
of the valve, from the clogging of the 
valve on its seat. Woodbury, \\<uo 
made a most exhaustive series of tests 
for the Boston Manufacturers* Mutual 
Insurance Company, on sprinklers of all 
kinds, states that it. required a pressure 
of 65 lb. per sq. in. to make some of 
these, valves open. • 

In 1875, the Boston Manufacturers’ 
Mutual Company issued a pamphlet 
recommending sprinklers to their clients, 
although the chief forms to that time were 
Comparatively imperfect. But their use 
spread rapidly from that date. 

In 1.874, 11. Parmclee introduced a 
sprinkler which, though now superseded 
by more sensitive arrangements, did good 
service, and is still in considerable use 
I It consisted of a metijl cap sealed down 
with fusible solder over an upright re- 
volving turhiue-jet. At a*‘pressure of 
10 lh. per sq. in. this sprinkler discharges 
1J cub. ft. of water per minute. 

The obvious requisites of a good 
sprinkler are that the solder should 
fuse at a low r and well-defined tempera- 
ture, without any appreciable prior 
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softening; that the mechanism should 
not bn liable to get out of order or stick ; 
that the parts opened by heat should be 
capable of ready replacement without 
skilled labour; that there should be no 
leakage at the valve ; and, lastly, that 
the quantity of solder to be jilted 
should be small, and so placed that it is 
not cooled by contact with too great a 
mass of metal, or exposed to the diip of 
the opening valve. 

.Now, tli ft Parmelee sprinkler takes a 
considerable time to open — over two 
minutes usually — owing to the length of 
the solder seam, and the mass of metal 
near it; yet concerning it, Atkinson 
says; — “The Parmcleo sprinkler is 


40 . 



shown, by tlfc tests made by Wood- 
bury, to be about Jthe least sensitive 
head on the list, 'and the least in capa- 
city of disch&'ge ; and yet the whole 
experience with the Parmelee sprinklers 
has been a success, the discharge of 
wate* has su lhced, and we have no 
record ,of a fire getting away from 
them. ’to 

If such is tlie fact with the least sen- 


| sitive sprinkler, what, result may we 
not expect from the later forms of sen- 
sitive types of sprinklers? More than 
100,000 of the Parmelee have been used 
in the States, and several mills have 
been fitted with them in England. 

The sprinkler invented in 1K81 by 
Frederick (innnell showed a marked 
nd\ ance in many details, and soon 
superseded the Parmelee. Each sprink- 
ler is calculated to supply an area of 
100 ft.. The valve, a leaden disc affixed 
to the centre of a larger disc of brass, 
is held up against the \alve orifice by 
a system of two curved levers, t lie 
lower of w'hich is secured by fusible 
solder at its low rat point to a light 

41 . 



I metal frame (Figs. 40-42). The valve- 
I seat is itself made elastic by the device 
i of fixing it in the centre of a diaphragm 
I of thin, hard metal, perforated for that 
I purpose ; and the pressure of the waiter 
1 upon the diaphragm keeps it tight 
against the valve. The larger disc 
attached to the valve-disc serves os a 
deflector. When the solder is melted, 
the levers fly apart, and the valve and 
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deflector drop about h in., leaving space 
for the water to escape. It dashes 
against the disc, which is notched, aud 
slightly dished at it.s edges, and is then 
deflected upwards in spray towards the 
ceiling, whence, it falls to the floor. 


The success of the scaled Parmelee and 
the sensitive fSrinncll sprinkler have 
been such as to arouse the emulation of 
inventors to produce other forms of 
sprinkler. In the States the sprinklers 
of Harris, Brown. Bishop, Burritt, 
1 Kutherhurg, an 1 Walworth 



are more or less known, though 
in less extensive use than 
cither the Parmelee or Grinncll 
forms. In the Harris, Brown, 
and Burritt (sensitive) forms 
the valve is held up by a 
soldering which holds up the 
valve-stem somewhat as in 
Harrison’s original plan. Jn 
Kuthcnburg’s sprinkler a pair 
of levers, (damped by a hit of 
fudblo tube, hold up a rubber 
ball. In the Walworth 
sprinkler the valve-stein is 
held up by a cam worked by 
a lever which is either sol- 
dered to the body of the 
sprinkler, or else clamped by 
an oval link of fusible metal. 
This latter device is good in 
so far as it enables the 
sprinkler, after working, ti}, 
be closed up again by merely 
slipping on another ring 
without the need for skilled 
labour or the removal of the 
sprinkler from the ceiling ; 
but ihv oval ring of alloy is 
liable to distension and frac- 


(jirinnell sprinkler in position. 

When the sprinkler has worked, it 
requires f< be re-soldered. It seldom 
requin s more than 15 seconds to 
elapse before the levers fly under the 
influence of a direct flame. With an 
ascending hot column of air, the sprink- 
ler s'ddom waits for a whole minute 
before it woiks. In the very short 
time that lias elapsed since this inven- 
tion was introduced, it lias entirely 
supt I’seded the Parmelee. There are 
now more than 300,000 of these in the 
States, and more than 30,000 in Great 
Britain, chiefly in the Lancashire cotton 
district, but also in a number of 
factories and warehouses in Loudon. 


t u re, as the .alloy is somewhat 
brittle, an l will not stand 
much tensile Stress. 

Indeed, the question of alloys must be 
considered from several points of view, 
as the most fusible alloy floes not 
necessarily possess the greatest tenacity 
or the most sharply defined melting 
point. A piece of Grinnbll solder was 
found to fuse at l(r") 0 F. ; it was tough 
and even flexible ; whilst a Walworth 
link which melted at 10*1° F., was not 
nearly so tough. Professor Guthrie’s 
“eutectic” alloy, which fuses at 
159° F., was not found to be so tVmgh 
or to have so sharply defined a melt- 
ing point as some alloys of slightly 
higher melting point. Of course it is an 
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advantage, from the point of view of 
sensitiveness, to work with an alloy that 
has a very low melting point ; hut it 
must not he so low as to risk being j 
melted with the ordinary temperatures j 
at. the ceiling of a gas-ht room. 
Obviously, an electrical ly-lighte i mill 
may he fitted with sprinklers that are 
more sensitive than those which can he 
used in gas-lit mills. Conversely, in 
drying houses and store-rooms, special j 
solders with higher melting points ar 
preferred. 



^ Jolin sprinkler. 


Progress in the perfection of the 
automatic sprinkler has not been con- 
fined to the other side of the Atlantic, 
and in addition to the American forms, 
ther$ are several .English forms well 
worthy of notice. In one of these, the 


invention of Sidney Smirke, architect, 
a valve is used resembling the valve of 
the Victor system presently to he e\- 
plained, and the water when admitted 
by Ihevahe is forced into the narrow 
annular space between two metal dishes, 
the upper one of which is capable of 
adjustment. 

ingenious sprinklers have been in- 
vented hv Philip .John, engineer, of 
Bristol (I'igs. 4.1, 44.) 'Ihe form 



Julln sprinkler. 


which promises best success has a lead- 
topped ball valve held up against the 
supply oritice by a pair of springy 
metal levers, which are clamped below 
by a fusible clamp. This clamp, which 
is readily replaced alter the sprinkler 
has worked, is of an ingenious form, in 
which the solder is relieved of all direct 
tearing stress. It consists of a button, 
made in two parts, soldered at the 
edges right ami lelt, and admitting the 
ends of the levers by an aperture which 
passes from top to bottom. This bottom 
is protected beneath a divided cone, 
which serves partly as a deflector for 
the water, partly as a protector to the 
clamping button, partly as a collector ot 
the ascending hot air. When thejever 
opens, the valve ball drops a short 
distance and operates as a deflector. 
In another form (Fig. 44), a small 
truncated cone of alloy holds up the 
deflecting ball to its seat. In yet 
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another form, the levers are held to- 
gether by a double link of brass (Fig. 45), 
the two parts of which are prevented 
from parting hv a wedge 
of flllov, subjected •only 


| tions. One valve suffices for 400-500 
! sq. ft. of surface protected. 

! There are several useful adjuncts 
employed in connection with these 
• appliances. Grinncll fixes in his main 


to com pressing and shear- 
ing stresses, not to tensile 
stresses. 

Closely allied to the 
automatic sprinkler pro- 
per, is the s \ stem of 
sprinkling by perforated 
pipes through au auto- 
matic vaUe. This 
system, first made prac- 
tical by Leonard, lias 
lately come to the front 
under the name of the 
Jolla link. ' “Victor” system. As 
shown in Figs. 4t>, 47, : 
the valve is hold up, as in Harri- 
son’s plan, by a soldo] ing at the lower 
end of the stalk, and this soldering 

4 C 




pipe, between the supply tauk aud the 
47. 



Victor valve, open. 

t 

sprinklers, a valve arranged to be moved 
by the water whenever, on the opening 
of any sprinkler, the pressure is relieved. 
This valve then s#ts a loud gong in 
motion, and sounds an alarm. Electric 
alarms are also used in cq^mection with 
sprinklers. 

(6) Automatic Fire-doors. — Fire-doors 


is surrounded by a collecting cone of may be made automatic. The Bvston 
metal. On the fall of the valve, the Company have investigated this ques- 


water rushes into the long pipes, and is tion by their experts, and haw pro- 
distributed in jets through its perfora- nounced most emphatically against iron 
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fire-doors. They sny the)' curl up and 
keep out the water and men, and allow 
the fire to spread. They announce the 
opinion that a well-built wooden dour, 
protected hy tin plate on each side, is 
much better: the wood will not burn, 
hut it becomes charred, holds the tin 
together, and keeps out tire better than 
an iron door would. They make it 
automatic in the following way: — The 
door is arranged 1o slide shut on an 
inclined track, and is kept open hy a 
rod, wliidi is made with a scui f-joint in 
two parts, united in the centre, inside a 


(r) Electric Alarms and I)c\iocs.-- 
Edward Hright’s arrangements lor fire 
alarms are excellent things. Tlieie 
are several more recent : a very good 
lire alarm, hy Martin; another, known 



firiuucll link. 


as Ilowley’s ; and Crinnell has applied 
an electric alarm in the lb of 
fusible link. He introduces somewhere 


copper ferrule or sleeve which nind\ 
fits the two ends of the rod. The joint 
is shown in Fig. 48. This sleeve is made | into the electric circuit a little link, 



Scarf-jointed rod united by sleeve. 


m longitudinal halves, which are 
, scared together with fusible solder. 
The ends of the rod where they come 
together are cut at an angle of 45°, and 
therefore tend to force the sleeve open 
■when the solder melts. One end of the 
l ml is fastened to the door, and the other 
end to the door-framt. Another device 
tor holding a fire-door open is the 
fusible link. 

The oval link (Fig. 49) used in the 
Walworth sprinkler is unsuited to stan<l 
a tensile stress. The 
Orinnel link (fig. , r >0) 
is well *sui ted for this 
purpose ; it consists of 
two links stamped in 
thin brass, laid over 
one another so a» to 
overlap throughout r> 

of their lengths; they „ w . 

gether, and the central portion is filled 
up with a bit of copper wire and with 
sohJpr. These links are introduced into 
some convenient part of a cord which 
hold '•up a weight, the falling of which 
releases the fire-door. 


49 . 



Walworth link, 
are soldered to- ! 


which may he made of a thin strip of 
alloy, in some place near the ceiling ; 
on melting, it. breaks the circuit and 
rings an elect lie hell, if it is arranged 
to work in a elo'-cd circuit, and there 
you haw* a tire signal of the first order. 
This is med in England. There is 
another open circuit, system used in 
connection with small Orinnell installa- 
tions; it is arranged so that when the 
heat reaches a catgu^ hand strained 
inside, a copper tube it contracts, and 
makes contact between two strips of 
metal which s?o to an electric hell. 

Lonniu’s is based upon a system for 
making an electric contact. It is a 
little thermostat an angement, with a 
strip of two metals soldered together, 
which, when they are hot, bend and 
touch a contact screw, making the 
electric circuit complete. Further, 
there is an arrangement of an electro- 
magnetic solenoid ; it is a coil of wire 
with an iron core, which is attracted in 
when the circuit is completed. When 
that core is attracted in, it bears on a 
valve, which is intended to perform the 
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following function -There is a tank 
containing sulphuric arid, of course 
Constructed of some acid-proof sub- 
stance, such as stoneware. The valve 
allows a little id to tiickle into a 
lower chamber, w here there is alrealv j 
a solution of carbonate of. soda, ami tins j 
general e> an enormous amount, of car- ! 
honic acid, which dies up through j 
pipes, an l so, with or without, water, j 
will immediately « aihe a gicat «lis- | 
trihution of ‘quay of c trhouic acid I 
(wdiich itself is a splendid extinguisher J 
of file) all o\ei th.it pint of the factory, j 
There is also a centrifugal arrangement 
for distributing the water, which is j 
turned on, ami is cause l to rotate hv a 
small electro-magnet, which is also : 
automatic. Anl an independent piece | 
ol* apparatus, quite distinct from tin 
others, is a very strong cylinder charged 
w ith compressed carbonic acid, having 
a valve weighted, but piopped up by j 
a little trigger arrangement below. 
Directly the electric circuit is com- 
pleted by the arrangement first de- 
scribed, the electro-magnet below tin 
cylinder attracts its armature, h‘ts oif 
the trigger, the weight fills, turns on 
the valve, and you immediately have 
carbonic acid either distribute l through 
pipes or led directly into the open an*. 

(</) Miscellaneous Appliances. — One 
of Jolin’s devices to take the place of 
the Grinncll link is a little button, in 
which the edges of the brass discs | 
receive the thrust, and take olF the 
stress from the alloy. When it is 
required for uv in a cord to hold up a 
valve lever or a fire-door, it is provided 
with a couple of loops to attach it to 
the com. It is realily replaceable 
after the fire has burned out, an l would 
be a little more reliable, perhaps, than 
the Grinnell link. Another contrivance 
of Jolin’s is an arrangement to make 
a grenade automatic. The greatest 
objection to grenades is that they do 
not throw themselves, and they do not 
cas’d j break. Jolin wants to make 
these grenades self-acting when a fire 
breaks out, therefore he proposes to 
hang a grenade up in a sort of cage at 
the top of the room, the cage being pro- 


vided with a small button held together 
with fusible alloy. When that is 
affected by the ascending hot air, the 
button bursts open, the cage opens and 
allows the grenade to fill, and directly 
the grcnale falls, an iron weight follows 
after .if, and breaks it in mid-air and 
sprinkles the liquid about. 

]Ji tin /mi’s 'ttn j l»t' mme and Petroleum 
Fu'cj . — The use of ammonia for this 
purpose was proposed hv a committee 
of Uie Polytechnic Society at Munich 
(see ii. *JSK»). A much cheaper and 
more easily accessible extinguisher is 
ordinary amnmniacal gas-liquor of 
«V* -0° Tvv. This was tried with the 
greatest success to extinguish a fire of 
a most, formidable kind which suddenly 
broke out in a tar distillery. The heat 
of the fire causes a large disengagement 
of carbon dioxide and sulphuretted 
hydrogen, besides anunoniacal gas and 
steam. The use. of gas-liquor (to he 

l settled and stored in closed boilers, 
with suitable-piping and forcing power, 
&.<•.) has been strongly recommended 
for extinguishing fires in cotton mills. 
(.11. Soc. (diem. hid.) 

Textile Fabrics. — (Id) IV t»- 
chloride of manganese, d,» per cent.;'' 
phosphoric acid, 20 per cent. ; boric 
acid or borax, 10 per cent ; chloride of 
magnesium 12 per cent. ; chloride of 
ammonium or sulphate of magnesia 2r» 
per cent. The materials are immersed 
for 6-8 hours in this solution at the 
temperature of ebullition. They quickly 
become impregnated with double salts, 
insoluble in water, and the incrusta- 
* t ions that are formed effectually protect 
the materials treated against fire. When 
exposed to a quick fire, they cyrhonise, 
but produce no flame. (Prof. Winckel- 
man.) 

Timber. — (0) At Derequisition of 
the Uelgian Minister of Public Works, 
l>oud in and DonnyJ professors at the 
Ghent University, have*. conducted a 
series of experiments and* investigations 
in connection with rendering wood 
uninflammable. The following re^uuxe 
embodies the conclusions at which they 
arrived. 

Although wood cannot practically 
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be rendered so fireproof a-' not. to bo j 
destroyed by lie.it, it is very possible to 
deprive it to a considerable extent of the 
property of catching and communicating 
tire; and to this end it is sufFicirnt to coat 
the wood with a suitable composition. It 
is not, however, sufficient that this 
(•.imposition possesses in a high degree 
the property of rendering wood unin- 
nable. The treatment must not 
niM'he an expense out of propoilion 
with the purpose to which the wood is 
ajiplied ; nor the process be sm h as to 
delay the rapid execution of works ; imr 
the substance employed be liable t oat tack 
any metal parts which it may be necs- 
s'iry to use with the wood. The process 
should be of easy application, with a 
brush, for instance, the only manner in 
which it (an he applied to existing 
structures. 'flic wood thus coated 
should prow lit a neat and t idy ap- 
pearance, and should also lie capable of 
recciwng a coat of ordinary paint over 
the fireproofing composition; nor 
should one or the other coat bo subject 
to alteration after a moderate lapse of 
turn* 

• If, instead of coating, injection be 
employed, certain substances, notably 
<hlnride of calcium, should be rigorously 
excluded, because they would keep the 
wood constantly damp. The injection 
method is easily applied to small 
articles bv simple immersion ; and it 
is preferable that the. composition or 
soltitiuii be hot., if not boiling. The 
possible diminution of strength due to 
all injection processes should also be 
taken into account, although the 
results ot experiments are not conclu- 
sive on this point. 

It follows from the above considera- 
tions that W£od cannot be rendered 
incombustible, or more strictly speaking 
iion-alterable by hfat ; but its 11011- 
in flam inability* may, to a considerable 
extent, be ensured, so as to preserve 
buildings from a limited and temporary 
lire, ijt any rate until assistance arrives. 
It is, however, hopeless to expect a 
biiildmtj encumbered with inflammable 
Bubstatrces to fass thVpugh such a test 
uninjured. 

5 


The methods of presenting wood 
against, tire are of two kinds : the injec- 
tion of saline solutions, and the appli- 
cation of a paint or coating. The 
former appears but little practical; ami 
indeed, short of proof to the contra. 
it must be considered dangerous in tin* 
vise o| w'ood ot large dimensions. Tln> 
-vsteiu is, how ex cr, appliealib 1 to small 
pieces o| wood. Of all the substance, 
recommended, a concentrated .solution 
oi phosphnti ot .umnoiiia is undoubtedly 
Die best, the use of tills substance, 
notwithstanding its high pi be, posset- 
ing such great ad \ ant ages that it .dumb! 
be employed m all cases where expen. o 
is no object. In the majority of eases, 
however, coating with a brush is the 
! only practical solution of the qiustion, 

I and the .substances most, to be recom- 
! mended for use in this manner arc 
j cyanide of potassium and aDicsto.s paint. 

I ( 1 <>) \\. Hoff, ]irofessor of iliciinstiy 
1 at the state college in .In rosin w r in 
! Dalieia, lias produced in a cheap and 
| easy manner a wood not only mini- 
! tlammalde but oven incomlmstible. 

| Following are the excellent qualities of 
this wood: Incombustibility at high 
degrees of heat, (temperature when 
glass melts'), whereby it neither bums 
with a ilame nor brightly glows, 
generates no sulfoeating gases or smoke, 
and gives out but little heat; aglow on 
the surface in the open air, as well as 
in a strong current, without burning 
or igniting thereby, but extinguishing 
j momentarily. When excused to great. 

* •heat for a length of time there remain 
; no ashes, but a compact coal winch does 
! not burn. At the same degree of heat 
j /.i in* sheets melt in seven seconds ; slate 
, breaks into pieces, tiles become glazed, 

• and felt for roofs burns with a bright 
! flame. Resides tliis the last -mentioned 

roofing materials oiler no piotert.ion 
whatever ill case of fire breaking out 
from the inside, because they aie 
fastened upon boards. The chemlRil 
necessary for the production of the 
incombustible wood consist of the 
cheapest refuse of industrial estaldi .h- 
ments. The process of manufacturing 
)s simple and cheap, and tnay he applied 

G 
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to .'ill dimension*. Shingles made | 
from it have a pleasing appearance, 1 
resemble tiles, are cheaper and safer 
against fire th.m felt, zinc sheets, &c., 
and, smro the process preserves the 
wood, last 25-‘>< » years. (Gewcrhc Zcit.) 

(11) Tiie following treatment of 
wood is alleged to render it incom- 
bustible without anv alteration in 
appearance. Intense heat chars the 
surface, slow lv am! w it limit flame, but 
does not peiielrate to any cvtonl, an l i 
leaves the fibre intact, w herein ju case , 
of fire the tiremeii would have no , 
occasion to fear that the materials on 
which they trea 1 would give wax 
beneath them, if this operation had 
been undergone by the wood i 'imposing . 
the staircases, floor, &e. The cheini<'al j 
compound said to produce the result i 
is: — Sulphate of zinc. 55 lb.; potu-di, 
22 lb.; alum, 41 lb.; oxide of lirni- 
gane.se, 22 lh. ; sulphuric acid of liiT 
Tw\, 22 lb.; water, 54 lb. All the 
solids are to be poured into an iron 
holler containing the water at a tem- 
perature of 1 1.5 * F. As soon ns the 
substances are dissolved, the sulphuric 
acid to be poured in little by little, 
until all the substance* are completely 
saturated. For the preparation of the j 
wood it should be pla’cd in a suitable 
apparatus, and arranged in various sizes j 
(according to the purposes for which | 
it. is intended) on iron gratings, care j 
being taken that there is a space of j 
about J in. between every two pieces of 
wood. The chemical compound is then 
pumped into the apparatus, and as soon t 
as tlie vacant spaces are filled up, it. is 
ooiled for '5 hours. The wood is then 
taken out and laid on a wooden grating 
in the open air, after which it is fit for 
use. 

INK. (ii. 325-317.) 

Black Writing* Ink. A. (/*). — 
The following formula is said to have 
befc iu use in 1054, and to have pro- 
duced an ink of great permanency, if 
one may judge from manuscript 
written by the person Avho is the 
authority for the formula : 1} dr, 
coarse-pow’dered galls, 1J dr. -sulphate 


of iron, 10 dr. gum-arabic, and 1 pint 
soft, w r .itcr, are to be placed in a bottle, 
which is to he securely stoppered and 
placed in the light (sunlight if pos- 
sible). Stir tlic contents occasionally 
until the gum and copperas arc dis- 
solvedt after which the bottle should 
be shaken daily. In the course of 4’ 0 
W'eeks the ink will be fit. for uee. The 
addition of 10 drops carbolic acid will 
prevent the formation of mould. 

(<) Blue-black Wiiting Fluid.-- 
Jhgest together for a fortnight IS oz. 
bruised galls, J oz. bruised cloves, in 
10 wine pints water. Press and filter. 
Add to the clear liquid 0 oz. sulphate 
of iron and 2 1 1, dr. sulphuric acid, 
shaking well until solution is effected. 
Next, aid 1 oz. indigo pa*te, and filter 
i( necessary. The ink must be kept in 
xvell-rorked bottles, and it should hi 
made in vessels of glass or stoneware, 
(flail. Phar. Jl). 

(/,’) A good black ink can be made 
with the following ingredients ! — 2 lb. 
galls (in moderately fine powder), 10.V 
oz. copperas; 10 oz. gum-arabic; H 
oz. sugar. Water sufficient to make 
18 pints. Place the galls in** an 
enamelled vessel, pour on it 6 pints* 
boiling water, and allow it to macerate 
2 days; transfer to a glass percolator, 
in the neck of which is a piece of 
absorbent cotton, through which allow 
the liquid portfcm to drain. When 
this is accomplished, paek the galls 
firmly, and displace with sufficient 
water to produce 2 gal. with that 
portion of the infusion which first, 
passed. Then dissolve the gum and 
sugar in 2 pints water; add this and 
the copperas to the infusion *'of galls. 
This, after standing about 12 days, will 
produce a very superior ink. About 
8 drops wood creosote should be added 
to prevent moulding. 

(/) Bruised mitgalls, 12 part-? ; 
copperas (slightly calciftcd), 4 parts ; 
gum arabic, 4 parts; water, 120 parts. 
Mix them together in a stone bottle, 
and let them stand for 2-3 weeks, 
shaking the bottle from time .to time. 
Then pour off the clear^liquorjfmd add 
a little creosote *to prevent mouldiness. 
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0. 0/) pyrogallic acid, 1 part ; 
pulv. gum arabic, iJ part*; ammonia 
vanadiate, .'l parts. These to be mixed 
in a mortar and sullieicnt water to be 
added. This forms ail intensely black 
ink. 

Copying Ink. (/;) Nigrosim* ink 
may be used for copying, il the Jelatin 
and bichromate are omitted. The 
following will be good proportions: 

Nigrosine . . . . . . 100 grains 

Water KJiI.dk. 

Glycerin .’1J 11. nz. 

(/) A better copying ink is obtained 
by reducing any good iron ink by 
cwipm .ition, and adding some glxccrin: 

Mack iron ink .. 10 volumes 

lledueo by evaporation to 0 „ 

and add 

Glycerin \ „ 

(/vt) Another good copying ink which 
i> said to yicbl i»-b good impressions, is 
prepared, according to Hot I ger, as 
follows : 

Extract of Jogwo.od .. .. f»l pails 

Soda 10 ,, 

Chromate of potassium .. 2 „ 

Glycerin 0-t ,, 

Gum arabic 1 G „ 

Water 270 „ 

Dissolve the extract of logwood, 
together with the soda in the water, 
add the glycerin and gum arabic, and 
finally add the chromate (not bichro- 
mate) of potassium dissolved in a ver\ 
small quantity of boiling water. The 
ink may Ij£ used at. once. a 

(n) For readily transcribing letters 
without a press. — For the past thirteen 
years all letters, reports, &e., that 1 
have written have been transcribed into 
an ordinary thin-paper copying-hook 
with no more effort than is employed in 
using a piece of batting paper. It has 
only been necessary to place the page 
nf writing, #note size, letter size, or 
even foolscap, in the letter-book, and 
usc^a leaf of the letter-book just as one 
would use a leaf of blotting paper. 
The guperiluous ink that would go 
into ^lotting»paper«goes on to the leaf 


of the letter-book, and, showing through 
the thin paper as usual, gives, on the 
other side of the leaf, a perfect transcript 
of the letter. Any excess of ink on 
the page, either of the letter or of the 
copying paper, is removed hv placing a 
sheet of blotting pap< r between them 
and running one’s hand thinly over the 
u hole in the ordinary manner. 

This ready transcription is accom- 
plished, as will he ant h i pa ted, by using 
ink which dries slowly. Indeed, ob- 
viously, the ink must, dry sullicient ly 
1 slowly for the character* at the top of 
I a page of writing to remain wet when 
j the last line is written, while it must 
j dry Millieiently fast to preclude any 
chance of the copied page being smeared 
while subsequent pages are being 
envoi cd. The drying must also he 
sullicient ly rapid to pi event the cha- 
racters “ setting oH,” as printers term 
it, from mn> page to another after 
folding. 

1 Now- to manufacture ink that shall 
dry at. th»* rate and ill the manner just, 
indicated, no matter what the size of 
tlie page of writing or how quickly or 
slow ly it he w ritten, no matter whether 
the air at the time he dry or moist, or 
the writing paper he imglazed, porous 
and absorbent, or highly glazed, close 
and non-ahsorhent, is impossible. F.va- 
poration proceeds by laws which man 
cau neither suspend nor hasten. Thin 
lip-stroke* written with any variety of 
ink inevitably dry quicker than the 
thick down-strokes written with the 
same ink, no matter wl^it the wishes or 
requirements of the writer. Deuce 
there arc defects in mv copying ink 
w hirh are inherent, ami, I fear, irre- 
mediable. In short, probably no varia- 
tion in the mode of manufacture of 
copying ink of this character would re- 
sult in a writing fluid which could he 
used by all persons at all times under 
all circumstances. Still the ink lias 
been of the greatest service to me my- 
self, and should he equally m^&il to 
others. In purchasing writing pap‘*r, 
it is easy to avoid the excessively porous 
or the very highly glazed. On th« ex- 
ceptionally hot days of an exceptionally 
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hot summer, when all ink dries with | 
exceptional rapidity, it. i.s not difficult ! 
to write somewhat more thickly than | 
usual, and thus maintain the wetness of i 
the words until a page is completed 
ready for copying. In very moist, ; 
weather when the finished do< linient 
written with this ink would not. diy 
rapidly, and thereiore would he liable 
to become smeared, it is not, inipraetn-- 
ahle to u*'<’ a fine pointed pen or to hold 
your sheet, before a lire or ovei a gas 
flame fora moment or two. Lost 1 \ , 
the extreme facility with which letters 
are copied with this ink and the grc.it 
convenience attached to the ndxaiitnge ■ 
of possessing transcripts of liters, etc., 
arc cheaply purchased at the pree of a 
little care and practice in making one’s 
up-strokes and down-strokes pretty j 
much of a thickness. 

Hut I am exaggerating difficulties 
Processes, apparently practiiaide when 
described, often turn out hopelessly 
impracticable when applied. Con- 
versely, processes apparently imprac- 
ticable often admit of ready application. 
My description of tin* use of my ink 
must, I am sure, convey an impression 
of impracticability. As a matter of 
fact, however, I umj the ink from year’s 
end to year’s end without any trouble 
whatever. The ease of this ink is one 
of those in which unavoidable dis- 
advantages are compensated by an 
amount of personal carefulness to which 
one easily becomes habituated. The 
disadvantages, of course, preclude the 
introduction of £ho ink into indiscrimi- 
nate wholesale and retail trade. The 
firm of manufacturers that, consulting 
me respecting copying ink, entertained 
my suggestion to use such an ink as 
this, went to the expense of provision- 
ally patenting it, in the hope that before 
the period of provisional protection 
elapsed it would he improved sufficiently 
to render it an ordinary commercial 
.article. They have long abandoned 
that nope. I, too, have now abandoned 
it sufficiently to induce me to publish 
the mode of making and using the ink, 
in order that at least others may enjoy 
Its use to the extent to which I enjoy 


it mx self. The ink is really im aluabJe 
to me. To pharmacists, retail trades- 
men, professional men, private persons 
and others who desire to keep copies of 
their letters and writings, hut. who do 
not write enough to render worth while 
t.h *■ iis«i of a copying-hook and copving- 
prcs>, or the employment of a junior 
clerk or office boy tin* press copying, or 
who may desire to keep a private eopv- 
ing-book, this ink will also pro\ e in- 
xaluabb* The ink can bo made by 
chemists and druggists, who also might 
vend the article xwth no loss of diguitx. 
For the sale of it would he accompanied 
by one of those little intelligent state- 
ments respecting mode of use and at- 
tendant. conditions which come so natu- 
rally fiom the pharmacist. 

I have only to add the process of pre- 
paration. The principle of the method 
consists in dissolving a moderately 
powerful hygroscopic substance in any 
ordinary ink. After experimenting on 
all such substances known to me, I give 
the preference to glycerine. Reduce, 
by evaporation, 10 volumes of ink to (> ; 
then add 4 volumes of glycerine. Or 
manufacture some ink of nearly double 
strength, and add to any quantity of it # 
nearly an equal quantity of glycerine. 
(Professor Att field.) 

Indelible Ink <K»).— Triturate 
If grams aniline black with 00 drops 
strong hydrochloric arid and 4 , J—i.i 
grains strongest alcohol ; them add to 
it a hot solution of L'J grams gum- 
arabic in 170 grams water. This ink 
attacks steel pens but little. It. is not, 
‘‘destroyed either by strong mineral 
acids or by strong lye. if the first 
alcoholic solution of aniline ltlack be 
diluted with a solution of *JJ grams * 
shellac (instead of gum-arabic) in 170 
grains water, an ink is piwlueed which 
may he employed for writing on wood, 
brass, or leather, and which is remark- 
aide for its deep black colour. 

Invisible Ink (r)!~ Finest po- 
tato .starch, 1 .'1*5 kilos., and powdered 
iodine 1 kilo., are mixed and then 
rubbed through asicxe, then .mixed 
with 4 litres water and 1 litr^ rec- 
tified spirit. Tne resulting black 
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pow'der is allowed to stand for 14 da vs, 
t.li pu dried and exposed to 11k* air. r lhe 
dry powder contains 10 per cent, of 
iodii Tht* iodide of standi heroines 
Soluble \\ lion heated with stimng in an 
enamelled saucepan over a gentle Jin*. 
As soon as the powder is dry tlnPopera- 
tioii is finished, it then emits a pun- 
£ r **nt sm '* From time to ti uring 
tie* heating it must lie ascertained 
whether the powder has beeome soluble, 
by heating sum c»f it. with water in 
an iron spoon. At a stroll*; heat it 
yields a red solution with los h of 
iodine. In order to purify the powder 
and make it thoroughly .soluble, of a 
i iolet tint ill old watt r, a conecii- 
t rated solution is made by heating, so 
that it show’s 7-8 This solution is 
allowed to deposit for seveial days, de- 
canted and precipitated with rectified 
spirit. Tip; precipitate is strained, and 
dri»*d in the drying closet. If e\< ess of 
spirit is used in the pi eeipitation, a 
gummy matter is thrown down, the 
presence of w hich is superfluous. A 
certain firm claims to he the aole manu- 
facturers of the ink. Thev adurtise 
ii.Hi writing executed with it. gradu- 
aHy fades away and cannot be restored 
b) any chemical, and state that the 
time it takes to lade depend* on the 
paper that is used; if written with a 
perfectly clean steel or quill pen on un- 
glazed paper the eVanescom e will 1 
more rapid than when written on 
glazed paper. On some papers it. w ill 
disappear in a day, whilst on other 
kinds it will take more than a week. 1 9 
tried t his fhk on various sorts of paper, 
and found the writing quite xisible 
after if weeks. It can easily be re- 
stored to a jet black by exposing the 
writing to the fumes of iodine. Perfec- 
tion has nof yet been obtained in the 
production of this Useful ink ; there ap- 
pears to bo some chemical either ab- 
sent or not present in a sufficient quan- 
tity to induce a rapid evanescence. 

(S. L.) 

Marking Ink. (//) P»lue. — Mix a 
sufficient, quantity of ultramarine with 
harytps (sulphate ofL barium, blame fix), 
and water to produce tlm desired 


tint. Jt may be rendered more 
permanent by adding some liquid glue 
(solution of glue in acetic acid) or 
some starch paste, prepaid with the 
addition of a little wax. (t'hcm. and 
Z'/vc/.) 

(-) Park lllue. — Christian Knab, 
Munrhberg, Bavaria, makes a blue pre- 
paration good lbr marking trunks and 
b »xes, because it readily combines w ith 
wood, cloth, etc., and resists the actum 
of the weather. His process is given 
in the Deutsche Industrie Zeituwj as 
follows: — 100 lh. of a ■ >() percent, 
tluid extract of logwood are put in a 
suitable kettle, with .‘1 qt. alcohol, to 
which 2 lb. hydrochloric acid has 
already been added. Tim mixture is 
Upt at 08° F. and well stirred until 
thoroughly mixed. Next he dissolves 
In lb. (yellow) chromate of potassium 
in ;;f> lb. boiling water, and adds to it 
! 2u ]b. of hydrochloric acid, stirring 
well, and when it lias cooled to 80° F., 
stirs it \ cry slowly into the mixture 
already in tin* kettle. The whole is 
then warmed to about 185° F. The 
mass, which then becomes an extract, 
is .stirred a short time longer, ami to it 
is added :»0 lh. dextrine mixed with 
20 lb. fine white earth (terra alba), 
and well stirred through. The mass, 
when taken from the kettle, is put into 
a mill where it is thoroughly worked 


together. It is lastly 

put into 

boxes, and left standing 

a long time 

dry out. 


(mi) Blue. 


Silver nitrate 

. . 4 gram 

Liip ammonia 

12 ^ 

Sodium carbonate 

.. 4 

Powdered gum-ai abie 

.. fi 

fupvic sulphate .. 

.. 20 

Distilled water 

.. 10 


Dissolve the silver salt in the ammo- 
nia, ami the sod:., gum, and copper salt 
in the distilled water, and mix the two 
solutions. (iWvaull.) 

(W») For marking bales. m* 

Shellac .. /. .. .. 2 oz, 

Borax 2 „ 

Water .. 25 „ 

Gum-arabic 2 „ 

Venetian red, sufficient to colour. 
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Jiuil the Wax and shellac in the water 
until they are dissolved, add the guni- 
arahic, and withdiaw frmn the lire. 
When the solution lias become cold, 
complete 25 oz. \\ i t h water and add 
Venetian red enough to bring it to a 
suitable eoiiNi'.tencv and culnur. This 
ink niu^t hr present'd in a glass or 
earthenware vessel. 

Printing Ink. Pluck (j). From 
Spent Cotton Waste.-- Tin* utilisation 
of waste produets, which has made sin h 
great progress during tin* hi4 two 
decades, ha < experienced a further ih- 
Yelupnient in a department, in which 
we are more especially interested. We 
refer to the process of C. T. Unstand, 
38, Itilev Street, Ucrinoiidsey, b union, 
by means of which spent cotton waste is 
made to yield up all the oil and greasy 
matter contained in it, the latter being 
subsequently converted into that useful 
agent of civilisation, printers' ink. 
Cotton wasle, as our readers are awaie, 
is used to clean machinery of all de- 
scriptions. When spent — that is to j 
say, used up— it is full of refuse oil and j 
grease. Hitherto, it. has neeii the | 
practice to hoi) the spent cotton waste j 
in a solution of caustic soda. h\ which | 
] process all the grease is extracted, to | 
wash it, and mix it with new waste, j 
when it is again placed upon the mar- I 
ket. The oils and grease are allowed 
to run to waste. 

Hast and j proceeds in a very different 
and at tin* same time highly remunera- 
tive manner. *' He places the spent 
cotton waste in a closed cylinder heated*! 
by steam by means of an interim* coil, 
lie then pumps a solution ofbisulphide 
of carbon into the cylinder containing 
the waste, upon which the chemical 
acts, separating the oil and grease. In 
their combined state, the bisulphide 
solution and oil arc then run by him 
into another steam heated cylinder. 
Here the bisulphide becomes vaporised, 
nnupasses thence to condensers, and is 
finally run into a store tank, to be used 
over and over again, the loss of bi- 
sulphide being almost imperceptible. 
The cotton waste freed from oil is 
washed, dried, and sold again. 


The far more valuable product ob- 
tained, the oil, is run from the 
second cylinder into tanks, pumped 
thence into a copper heated by a small 
poi table furnace, running on wheels, 
ami *froed from all moisture. It, is 
then pumped into a second copper, 
where it is converted into the \arnish 
| from which printing ink is made. 

! Wlii'u the varnish lias been brought 
, down to its proper consistency, the 
furnace is withdrawn, an l the varnish 
is taken to the mixing-house, where it 
is incorporated with the necessary pig- 
! ments and other ingredients necessary 
I to produce the various shades and 
! ijualitiesof printing ink. When mixed, 

| the crude ink is ground in a Fiench 
huhr.sloiic null, and, after grinding, de- 
livered into a machine, in which it is 
passed between rollers a number of 
times, according to the quality of ink 
required. To obtain the lampblack 
used in the manufacture of printing ink, 
a portion of the wavered ml is Used; 
and thus what, was formerly wasted is 
converted into the medium which enters 
.so largely into the diffusion of know- 
ledge. (Cluiitibcrs's .//.) 4 

Stamping Ink(/i). indelible. — K. 
Johanson, St. Petersburg, gives the 
formula for a convenient ink for mark- 
ing clothing by means of a stamp: 
22 parts carbonate of soda are dis- 
solved in 85 parts glycerine, and tri- 
turated with 20 parts gum-arabic. In 
a small tlask are dissolved 11 parts 
nitrate of silver in 20 parts oflicinal 
water of ammonia. The tr 7 o solutions 
are then mixed and heated to boiling. 
After the liquid has acquired a dark 
| colour, 10 parts Venetian turpentine 
are stirred into it. The quantity of 
gljcerinc may he varied to suit the 
size of the letter^. After stamping, 
expose to the sun or apply a hot iron, 
j ( P/iarm . Hcc.) 

(0 Polygraphic. — (1) 10 parts 

“Violet tie Paris,” 30 parts water 
(Lchaigue). (2) 1 part “Violet de 
Paris,” 7 parts water, 1 part alcohol 
(Kwaysser and Husak). (3) 2 parts 
acetate of rosaiuiine, l\> parts water, 
1 part alcohol (Kwaysser and Husak). 




JKiC. 


87 


The first two produce a Violet., the last 
a red copy. 

(k) An endorsing ink, which does not 
dry quickly on the pad, and is quickly 
taken hy the paper, can he obtained by 
the following recipe : Anil in colour in 
solid form (blue, red, &,r.), ll» # p.irts; 
HO parts hoiling distilled water, 7 parts 
glycerine, and ,'J parts syrup. The 
ndoiir is dissolved in hot water, ami 
the other ingredients are added whilst 
agitating. This embusing ink is said 
to obtain its good quality by the addi- 
tion of tin* syrup. (fVyi. Xeit.) 

Miscellaneous . — Ink i'tnrdcr,— 
Kinely-pow derod nut-galls 10 oz., sul- 
phate of zinc (powdered) 2oz., sulphate 
of non (powdei ed) 4 oz., gum-arabic 
(powdered) 1 oz. ; 1 oz. of this powder 
w hen finely sifted, added to about 4 pint 
o| water and well shaken, will ioim a 
good ink. 

Jort/er4es . — If a lorgi r has used a 
different ink to that used by the original 
w liter ( f ilie document, liis error can 
l»e made manifest in the following 
maimer : — (Jet 0 or 1-oz. vials, 

and till separately with (1) dilute sul- 
furic acid ; (2) concentrated muriatic 
acid; (.‘>) dilute nitric acid; (4) solu- 
tion of sulphurous at id : (.">) solution 
of caustic soda ; (ff) concentrated solu- 
tion of oxalic acid ; (7) solution of 
chloride of lime; (8) solution of tin cry- 
stals ; (D) solution of photo-chloride of 
tiu. Take nine quill pens, each one lbr 
its particular reagent. Now', with a 
rule, draw lines crossing original and 
suspected portions ; the difference will 
show itstftf at a glance. ( Chem . I Ur. J 

To Bender Ink Waterproof. — 11“ the 
ink i» prepared with a certain propor- 
tion of gelatine, the addition of a little, 
bichi ornate of potash, followed by ex- 
posure to •sunlight, has been recom- 
mended for rendering the ink so in- 
soluble in water that it will not run or 
spread when water-colours are used for 
shading tin? sides of the lines. 

To Restore Faded Ink. — In order to 
restore faded ink all that is necessary is 
to ipoisten the paper with water and 
briuh over the writing with a solution 
of sulpliid^ of iiknnoniuin. The ink 


will become black immediately, from 
the formation of the black sulphide of 
iron. Of course this means of restora- 
tion is not applicable with aniline ink*. 
(Boston Jl. Chen 4.) 

Ink Fraser . — A good ink eraser is 
thus made: Take 1 lb. chloride of 
lime, thoroughly pulverised, and 4 qt. 
soft water. Tin* above must be 
thoroughly shaken when first put 
I together. It i> ret pi l red to stand 
! 24 hours to dissolve the chloride of 
lime; then strain through a cotton 
cloth, alter which add a teaspoonful of 
acetic acid to every ounce of the 
chloride of lime water. The eraser is 
used by reversing the penholder into 
the fluid, and applying it, without 
, rubbing, to the word, figure, or blot 
! required to be erased. When the ink 
| has disappeared, absorb the tluid with a 
: blotter, and the paper is immediately 
nady to write upon again. Chloride 
of lime has before been used with acids 
j for the purpose as above proposed ; but 
in all previous processes the chloride of 
1 lime has been mixed with acids that 
bum and destroy the pnpir. 
i Art ton of JUouhimj Agents upon 1177/- 

i in] Ink . — It is well known that ordinary 
writing is easily removed when it is 
acted upon by bleaching agents. Ad- 
vantage is taken of this fact bv un- 
scrupulous persons desirous of altering 
documents, cheques, and banknotes fir 
I improper purposes. Hence the number 
of fugitive inks and supposed untam- 
perable papers in use to meet this 
difficulty. \ 

I A curious and interesting case ot 
supposed fraud came under my notice 
j in the form of a document, which was 
written upon the flyleaf or second pag 
of a sheet of legal paper, the margin of 
the first page containing the stamp, date, 
and watermark of a will purporting to 
have been written about 20 years ago. 
The document or will was thus written 
upon paper bearing both on stamp and 
in watermark a date which ga m it the 
semblance of age. The appearance of 
the document gave rise to suspicion, 
and I was asked if it was possible to 
tell the age of the writing, and if the 
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writing had h«*en executed at nin* ; 
anti tin* hiiint time, aiul it’ so at wit it. 
time. 

This was of course, impossible, as l ■ 
was not allowed to tro.it tin* dot iiuient. 
itself. I li.nl, therefore, t « » make ex- 
periments upon writing', the dates ot 
whieh 1 knew. 

I selected writing 1 day, *5 months, 
12 months, 2 years, t* years, 14 years, 
and 22 years old. and exposed these 
writings to tin* aetion of a \ er\ dilute 
solution of ordinary bleaching powder 
in water. The specific gravity was 
about 1 ' (>« » L. Jn f> minutes tin* newlv 
written lintter had disappeared; in 
ll -12 minutes the writing of <i months 
ago had disappeared ; m 20 minutes 
tin; writing of 2 years had partly dis- 
appeared ; in a like time t he writing of 
t> years ago was not greatly aHeetod ; 
It years ago \ery slightly; and 22 
\ ears hardly alleetcd at ail (indeed, old 
Ulitllig seems hardly atleeted )»v such a 
weak solution, even after hours’ ex- 
posure). 

Peroxide of hydrogen acts more 
slowly, but gives more definite reuilK 
Other reagents give cilccts w hich help 
(although sometimes in a contrary 
manner to that l have indicated) to 
establish the fact that ordinary writing 
ink, which is a compound of gallic and 
tannic acids with pinto-salts of iron, 
becomes more stable (presumably by 
oxidation), and consequently is less or 
more atleeted by chemicals whieh act 
upon tho organic coloring matter of the 
ink. There are^ great \arietie. of writ- 
ing inks, chromium and vanadium 
salts being sometimes substituted for 
the iron salts. There are also Ida* k 
and colored inks prepared from coal 
tar dyes ; but thinking it highly im- 
probable that any documents intended 
for preservation would be executed ill 
such evanescent inks, I did not, investi- 
gate their behaviour under such treat- 
ment. When ink is thus bleached or 
appan^tly removed, most, of the iron 
contained in the compound remains 
mordanted with the fibres of the paper ; 
consequently, writing so tampered with 
or dealt with can be restored by the 


application of gallic or tannic acid. 
The wilting is thus reproduced almost 
in its original depth of color. It. is 
delicate work (especially in the civil 
legal aspect of t lie case to which I have 
roleired) to determine in a reliable 
manner the age of any particular 
writnfg, and it is necessary that the 
following precautions he carefully ub- 
serv ed : 

1 The inks must he those kiiowm as 
ordinary writing inks, prepared from 
iron and chromium salts and galls. 

’ 2. Writing dried by means of blot- 

ting paper is naturally more easily 
removed than writing which is allowed 
j to dry on the surface of the paper; 
and light, writing is somewhat more 
easily removed than coar.se and heavy 
writing. 

o. The bleaching solution must be 
exceedingly dilute, otherwise t lie action 
, if so rapid and powerful tint both old 
, and new writings are removed almost 
’ simultaneously. 

| 4. The action must, be carefully 

j watched, so as not to be too long eon- 
i tinned. Lastly, very old writing which 
i has become brown by age, although, it 
. resists the nation of weak solutions of 
i bleaching powder and peroxide of 
i Indrogen, will show signs of giving 
i way almost instantly when acted upon 
! by dilute nitric, hydrochloric, and 
! oxalic acids. 

| Although I have only made use of a 
j well-known process and materials to 
I obtain the results I have indicated, still 
; J think such a simple means of detec- 
tion may act as a check to frauds whieh 
1 are becoming only too common. There 
was a most interesting pnppr read 
before the Literary and Philosophical 
: Society of Manchester, in the session of 
l<S7‘d and 1H.S0, |»y Mr. \jf. Thomson, 
l'.ILS.K., which I commend to the study 
of any one wishful To carry this in- 
vestigation further than I have been 
able to do. In it the author gives 
many curious and interesting facts in 
| connection with the behaviour of writing 
inks under the influences of various 
chemical compounds. (It. Irvine.) 
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Lacquers, (i. 7-1-70 ; in. :$o:$-. o >:i 5 .) 

Bottle. — Black La ci [tier for Coating 
Bottles. — Bottles, or other glass \ es'-rU, 
which it is desired to make impervious 
to light, may he coated according to 
Feril. Simand, with a black lacquer 
prepared in the following manner. 
Kqual j arts of asphalt ami of boiled 
Jinse&l-oil are heated i\u one hour, over 
a naked lire to about ‘JUO° C. F.) ; 

then a sufficient quantity of lamp-black, 
previously triturated w ith oil of turpen- 
tine, is added, to make a mixture, which, 
when mixed with J-* its volume of oil 
of turpentine, will cover well. Usually, 
011c coat is sufficient ; in special cases, 
two coats may be required. Sometimes 
it is desirable to be able to see the 
height, at which the liquid in the bottle 
is standing. This may he accomplished, 
according# to the author, by lea\ ing a 
filial 1 round spot on opposite sides un- 
coat ed. The bottom of the bottle is 
likewise left unvarnished. It would 1 . 
better to leave a very narrow vertical 
streak, on the side of the bottle usually 
turned towards the wall, unrooted. 
This Would more readily pe unit ascer- 
taining at what level the li< uid stands. 
(New Remedies.) 

Brass. — (lf») When pnq rly lac- 
quered, brass work v retain its 
colour, and resist the action of tin* 
atmosphere for a long time ; hence the 
necessity of al wav s lacquering work 
w hich should retain a good appearance. 
The process is rather difficult to execute 
properly, ^specially on large, surfaces,* 
where the tyro will find the lacquer 
continually getting a smeary look. 
Before applying the lacquer, the brass 
must he heated to .1 certain degree, and 
the difficulty is to know the exact 
degree host suited to the particular 
lacquers and maferiais used, and the 
effect, to be produced ; this kind of 
knowledge cannot he attained but by 

AVuniiU.. . „ If ] i. f .1 1 " . I 

me surfaces 01 your worn, ny 
moaiw of filing, &c., another plan, far 
easier and equally elective, though n 1 
prod 8 eing siftli •- * ^rkmanlike job, 


the following : — Tut the hi ass woik, 
having previously taken it to pieces ms 
much a.s possible, into pickle made of 
nitric acid and water; this will eat 
away the outer coat, all the corrosion, 
ami all lacquer, leaving a surface cd 
pure brass. The time required to • fleet 
this and the sTiength of the pickle can 
be soon ascertained by trial. The work 
must be carried on in the open air, as 
t lie fumes given off ale very baneiul to 
health. Thoroughly wadi the articles 
to remove all traces of acid, and then 
dry them in hot sawdust ; they will 
then he ready for lacquering. Use a 
camel-hair brush to lay on the lacquer 
with, heat the ai tides as hot as may be 
held in the hand ; he careful not to 
touch tin* bright surface with am thing 
that will stain it, and lay on the lacquer 
as thinly as possible to prevent smears. 
If the woik is too hot it will burn the 
lacquer, and if too cold this will not set 
hard. Small thin articles part with a 
large proportion of their heat in laying 
on the lacquer, but bulk) wmk is com- 
paratively unatlected; so small article# 
must be made somewhat hotter tliau 
large before lacquering. Only ex- 
perience will enable you to judge 
correctly. 

(Id) Lacquer is so culled because it 
usually contains gum lac, either shellac 
or seed lac. Seed lac is the original 
form of the gum or resin ; after being 
purified it is moulded into thill sheets, 
like shell, and hence is called shellac. 
Shellac is frequently blenched so as to 
become quite white, i|i which stale it 
forms a colourless solution. Bleached 
shellac is never as strong as the gum in 
its natural condition, and unless it he 
fresh it neither dissolves well in alcohol 
nor does it preserve any metal to which 
it may be applied. There are many 
recipes for good lacquer, but the 
success of the operatin’ depends quite as 
much upon skill as upon the particular 
recipe employed. The metal must he 
cleaned perfectly from grease affi dirt, 
and in lacquering new work it is always 
best to lacquer as soon after polishing as 
possible. Old lacquer may be removed 
with a strong lye of potash or soda, 
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after which the work should be well 
washed in water, dried in line beech or 
box wood sawdust, and polished with ' 
whiting applied with a mi ft brush. | 
The cimditioii of the work, as to cleanli- j 
ness and polish, is perhaps the most 
important point in lacquering. The j 
metal should be heated and the lacquer 1 
applied e\culy with a soft caiind-hair , 
brush. A temperature of about that of 
boiling water will be found right. The 
solution of lac or \arnish is colored to 
suit the requirements or taste of the 
user. 

(L7) A good pale lacquer consists of 
li parts ('ape aloes and 1 of turmeric to 
1 simple lac varnish. A full yellow* 
contains 4 turmeric and 1 annatto to 
1 lac varnish. A gold lacquer, 4 dragon's- 
blood and 1 turmeric to 1 lac varnish. 
A red, d:i parts annatto and 8 dragon’s- 
blood to 1 lac -varnish. A great deal 
depend*, aKo, upon the depth of color 
imparted to the lacquer, and as this may 
require to be \aried, a \ery good plan is 
to make up a small si«u k bottle, holding, 
suv, o pint, according to any good 
recipe 1 , and all as mm h of it to the 
varnish as may be required for the 
desired tint. 

(18) Deep < i old Lacquer. — Ahohol, 
J pint ; dragon’s-blood, 1 dr. ; seed lac, 
1} oz. ; turmeric, 3 oz. Shake up well 
for a week, at intervals of, say, a couple 
of hours; then allow to settle, and 
decant the clear lacquer ; and if at all 
dirty filter through a tuft of cotton 
wool. This lacquer may he diluted 
with a simple ■’solution of shellac in 
alcohol, and will then give a paler tint. 

(l‘J) IJnght Gold Lacquer. — (#i) 
Turmeric, 1 oz. ; saffron } oz. ; Spanish 
annatto,} oz. ; alcohol 1 pint. Digest 
at a gentle heat for several days; .strain 
through coarse linen; put the tincture 
in a bottle and 11 oz. good seed lac 
coarsely powdered. Let it stand for 
several days, shaking occasionally. 
Albg» to settle, and use the clear liquid. 

(]j) 1 oz. annatto and 8 oz. alcohol; 
mix in a bottle by themselves. Also 
mix separately X oz. gamboge and 8 oz. 
alcohol. With these mixtures color 
seed lac varnish to suit yourself. If it 


be too red, add gamboge ; if too yellow, 
add annatto ; if the color be too deep, 
add spirit. In this manner you may 
colour bravs of any desired tint. 

(2<>) Tab* Gold" Lacquer. — Lest pale 
shellac (picked pieces). 8 oz. ; sundarac, 

*2 oz. ; turmeric, So*.; annatto, 2 oz. ; 
dragwiV-blood, } o /. ; alcohol, 1 gal. 
Mix, shake frequently till the gums are 
dissolved and the color extracted from 
the i oloui ing matters, and then allow to 
settle. 

(21) 4 oz. shellac and ] oz. gamboge 
aiu dissolved by agitation, without heat, 
in 24 oz. pure pyro-acetic. ether, 'flic 
solution is allowed to stand until the 
gummy matters, not taken up by the 
spirit, subside. The clear liquor is then 
decanted, and when required for use is 
mixed with 8 tunes its quantity of 
alcohol. In this case the pyro-aeetio 
ether is employed for dissolving the 
shellac ill order to prevent f.ny hut tin* 
purely resinous pot t ions being taken up, 
which is almost, certain to occur with 
ordinary alcohol ; hut if the lacquer 
were made entirely with pyro-acetiu 
ether, the latter would evaporate too 
rapidly to allow time for the barque. 1 to 
be equally applied. (Workshop Gom- 
panion.) 

Gold Lacquers.— (it) An imi- 
tation of Chinese gold lacquer may be 
prepared by melting 2 parts copal and 1 
shellac until thoroughly mixed, and 
adding 2 parts hot boiled oil. Then 
remove from the lire and gradually 
add 10 parts oil of turpentine. To 
colour, add gum gutta for yellow and 
dragon’s-blood for red, dissolved in 
turpentine. 

(10) Substitute, for Gold Dronze. — • 
According to the experiments of Dr. 15. 
W. Gerland, met a van ad ic acid may he 
used in the preparation of a substitute 
for genuine gold bronze. If a solution 
of sulphate of copper and sal ammoniac 
is mixed w'ith v an ad i ate of ammonia and 
cautiously heated, there 1 is obtained a 
compound of a splendid gold colour, 
which is deposited from the liquid iti 
the form of gold-coloured spangles. 
These readily admit of being ground up 
with gum and varnishes, cover well, do 
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not change on exposure to flu* air, ami ! 
arc in every inspect equal to gold i 
bronze. j 

Iron and Steel Lacquers. — | 

(:>) A new preservative cd’ iron and ! 
Mcel has been tumid in a inodifnjit i«>n of 
tin* well-know n Japanese gum lacquer. 
Alter many experiments, flu* preparation , 
lias been finally adopted for the imperial 
.lapnn«*>-e navy. Theie is a cel tain dilb*r- 
enee between the compounds prejaied 
lor painting iron and steel and the 
ordinary lacquer employed for wood, 
but its principal element is still the 
gum lacquer. The inventor of the new 
composition bad gnat diflicultx in 
conquering the tendency of this material 
to get very hard and then to crack, but, 
according to the reports, he lun 
succeeded at last. Experience lias 
shown that a ship protected with this 
variety o^’ lacquer has been able to keep 
allont in tropical seas for .*» years — 
going into diy dock only oiwe instead of 
U times during that time, as usual. A 
ship of the Kussian Pacific squad run lias 
tried the new coating, and the result has 
hgen very satMa< tory. It i> conse- 
quently thought that at last a toleiaby 
perfect anti-corrosive coating for iron 
and steel structures lias been discovered, 
which may vender substantial service in 
the perservation of all descriptions of 
erections in these materials. The lirst 
cost of the preparation is rather high, 
hut it is claimed that the excess of cost, 
is more than compensated by the pro- 
tection obtained. For ship use it is also 
asserted Jliat great advantage accrues 
from the' nigh polish which this lacquer 
retain^ while the coating remains 
perfect, hut, on the other hand, fears 
are expressed that the supply of gum 
lacquer wi^l he unequal to the demand, 
if the. requirements for these engineer- 
ing purposes ar£ added to the regular 
consumption of the article for orna- 
mental joinery and cabinet work. (Set. 
Am .) 

Japanese Lacquer (Urushi). 

— Urushi is the milky secretion of li/nts 
vmiicifera, and is the material for the 
weH-knowi# Japanese lacquer varnish. 
The tree is cultivatql in many parts of 


the country, throughout almost all 
latitudes, <?.*/., at Dewa, Aizu, Hiro- 
shima, and in many places about Tokio; 
the he^t urushi, however, is obtained at 
Yosluno. The tree is very similar in 
aspect to the ordinal y wav-tree, and 
attains the height of ‘J-12 ft. 'frees 
about 15 years niJ jield tho largest, 
amount of the juiic. Two sorts of the 
juice are generally obtained iroiua tree, 
and hv dilfereut pr* cesses, They are 
distinguished as ordinary *• ki-uiuslii ” 
and l * seshiine-urushi.” 

1 l\i-urushi (or raw lacquer) is the 
better of the two, and is collected best, 
in June by making shallow cuttings in 
the stem of the tree, when it exudes as 
■ drops fmm between the outer and inner 
1 harks. A single tree yields on an 
average about -A grammes of this kind 
of juice. branches and twigs of the 
tree, some of which arc usually cut 
down each year, when steeped in water 
for some months and afterwards wanned 
in the tins give out an inferior kind of 
juice; this is seshimc-urushi, which is 
used as under varnish alter being mixed 
w ith some drying oil. 

The juice i* never sent to market in 
the form in which it conies from the 
tree, but is usually mixed with more or 
less of what is called <k uiokuyiki ” 
(literally wood-juice), «*.»/., what is 
ordinal ily called Yoshiim. Urushi con- 
sists of 00 per cent, of the genuine juice 
with 40 per cent, of inokuyiki, while 
the inferior quality contains as much as 
70 per cent, of the Jotter substance. 
Further, in the hands of varnish makers, 
some quantity of linseed oil is generally 
! added to the already mixed juice, which, 

‘ if excess is avoided, does not much im- 
pair the drying power of urushi. 

I>iflercnt. colours arc imparted t<> 
urushi by the addition of body pigments, 
such as ’lampblack, vermilion, indigo, 
orpimeut, &c. ; thus red lacquer is. pre- 
pared with 20 parts of linseed oil, 70 
parts of urushi juice, and niout 10 
parts of vermilion, etc. Such is a 
rough yet general account of the ex- 
traction ami preparation of urushi juice 
for varnish-making. The pure and 
unaltered urushi is a thick greyish 
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fluid of dcxtrinum (•■nMdi'iu'i 1 , which | 
Under the microscope k found to consist [ 
of minute globules, soni" of darker, 1 
the otiicis of lighter colour, mixed wuh | 
small particle-, of opaque brow nidi 
matter, the whole being iiehl mixed in ■ 
the form of intimate emukioii. It ha-. ' 
a characteristic sweetish odour, aini I 
specific gravity l’onjo (’JiTC); some 
specimens, such as that obtained I rum 
Iluehioji, contained a good deal of h u k 
•lust and other impurities, winch raise t 
its s]n ‘ ‘ 1 mi J 

he juice he expose 1 to moist air in a J 
thin layer at about 'J<f C„ it rapidly : 
darkens in colour and dries up to a 
lustrous translucent \arni»h. It cou- 1 
tains a small quantity of volatile poi-.on, 
which acts tciriMy on some persons, j 
piodunng a very disagreeable itching. « 

A peculiar acid, which 1 now call ’ 
urushic acid, i> the mam constituent of j 
the original juice, as well as of the j 
portion soluble in alcohol. The juice j 
also contains a very mu ill quantity of a 
volatile poisonous holy, winch ak 
passes into alcoholic solution, being 
almost complete ly driven out. during 
the drying of the acid at lu3 n lln" C. 
It is a pasty Mihst itu a c of somewhat 
dark colour, having the char.u teristu* 
smell of the original juice, rend 1 1C 
soluble in benzene, ether, carlmn bisul- 
phide, less easily in fusel oil and 
petroleum of high-boiling point, com- 
pletely insoluble in water. Its specific 
giavity taken at L'.)° is U*ttH."»l ; it 
remains unchanged at 1 d<)° and 
above *JOU° (\ tig composes slowly with 
carbonisation. Exposed to the air, it 
neither dries up, nor shows any sign of 
• hange as the original juice doe**, and in 
other respect*, it is a very stable body. 
From the alcoholic solution of the acid 
many metallic salts can be produced, 
most of which me slightly soluble in 
alcohol, but almost insoluble in water. 

<iuiii is another normal constituent 
of urushi, and forms 15 -8 per cent, of 
the original juice. 

As gmn is insoluble in alcohol, it is 
conveniently separated by treating that 
portion of the original juice insoluble in 
alcohol with boiling water, filtering, 


and finally evaporating the aqueous 
solution of gum over the water-bath 
till the weight of the substance remains 
oiifdant. In tins way a friable light- 
odouri'd substance is obtained, tasteless 
and inodorous ; this is the anhydrous 
gum. * 

A mixture of gum and urushic acid 
(and with water) in the* proportion in 
which they exist in the juice, does not 
undergo any change whatever, even 
when exposed to the condition most 
aide ■ the dr fthelaquei 
Moreover, part of the gum can be 
extiacted iii aii unchanged state from 
the mu e perfectly dried lacquer; and 
s nee if evi-d.s in the original juice in 
tiic lorm of aqueou-. solution, it probably 
serves to keep the constituents of the 
juice in a state of uniform distribution 
and intimate emulsion. it. may also 
at t as a binding material, and assist 
the adheung power of the lacVpier when 
laid upon any surface. 

Tlic remit-., so far arrived at, may be 
sunum-l up ili the following state- 
ment : — 

Urii’ihi juice (Lvqucr) consists essen- 
tially of four substances, viz., unishic 
and, gum, water, and a peculiar dias- 
1ati«j matter; and the phenomenon of 
its drying is due to the oxidation of 
urushic acid, * 14^W into oxyurushic 
acid, which takes place by the 

nil of diastase in the presence of oxygen 
and moisture. (H. Yoshida.) 

Japanning* and Japans, (if) 
Mrt'iL — This is simply the process of 
laying a coating of varnish, and after- 
wards drying by artificial fiteat. This 
| second operation, the baking, is the 
j essential part in japanning. The art 
j was originated in Japan, whence we 
have derived the name. Many examples 
of japanning on papier-mucin* may be 
seen at fancy repositories where various 
ornamental nick narks imported from 
Japan are on sale. In makjng this ware 
the Japanese employ a lacquer which 
exudes from an indigenous tree. Suc- 
cessive coats are laid on, each one being 
thoroughly dried in the sun before the 
application of another. Thus a fjiick 
hard coating is Wade, which may be 
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smoothed £intl polished 1 > y abrasive 1 
materials, though the natural lustre 
suflir.es for general requirements. Gild- 1 
iug and other ornamentation is then 
made to adhere hy means of Rolled oil. * 
The whole is finally finished hy a eoat ‘ 
of clear varnish. The above is a trough 
sketch of the art as practised by the , 
originators, but we have to deal with 
modern japanning, and confine our 
observations to its application to metal. 

The jnpannois* oven i*- a receptacle 
in which the work is plated when being 
heated. Usually the heat ie applied hy 
means of external flues in whnh hot air 
or steam is circulated. I’y tins svstnn 
the temperature may he regulate l to 
great nicety, the supply of heat being 
controlled l#v dampers <»r stop-cocks. A 
sheet iron l>o\, eneased hy another of ' 
the same shape, hut somewhat larger in 
si/e, so that an interspace of an inch or 
two exist ^between them, is the most, 
simple form of oven. Heat is applied 
to the interspace, ami thus an even 
ternpernt ure is maintained. A iluemust 
he provided to carry off the vapours 
which arise from the japan. A door- 
way by whic h to introduce the articles, 

* provided with a tolerably well-fitting 
door, is, of course, essential, llook.s or 
wire shelves are provided, by whieh 
the work is supported, so that the heat 
may take eilect, equally all round. 
Moisture, dust, and all other extraneous 
matter must he carefully excluded, so 
that the japanning may he kept per- 
fectly clean and free from foreign sub- 
stances. Thermometers are hung in 
the oven to#ndieate the precise degree 
of heat, which is regulated as explained 
above, !«♦ suit the requirements of par- 
ticular wolk. 

Metals lequire no special preparation 
before laying«i] the japan. After being 
wrought to the Jesired shape, and 
smoothed as much as may be considered 
advisable, the article has only to he 
made thoroughly clean to prepare it for 
japanning. The surface must he quite 
dry, or the japan will not adhere 
properly. Wood requires to he primed 
and otherwise ^reparari for japanning. 

Japan, that is the pajnt-like material 


to lie bud on the metal, is nu.de «>f 
shellac varnish, with which may he 
incorporated any pigment necessary to 
produce a desired odour. Shellac 
varnish is made hy dissolving shellac m 
alcohol. A better varnish for japanning 
ide In sheila 

-«■/.. of each, to 1 pint methylated spirit. 
Any pigment may be added to such 
>ii to form japan tin 
jequind. A few humul.e may be 
useful. 1 Hark : Mix lampblack oi 
ivory -black tins latter prcfeVablv- - 
w it h the allot e x at lush. Another black : 
Melt lib. aspb. ilium, and m;\ with tin 
‘*.'11111' quantity of balsam of eapivi, thin 
tbenn.xtiiie to a woikable coioisten* y 
with hot oil of turpentine. Another 
black: Mix* lampblack with oil of 
turpentine, and grind smooth on a 
muller, thin the mixture with copal 
x arnish. White: Flake white, or w bite 
lead, ground up with ’ of its weight of 
starch ; this must be thoroughly dried, 
and mixed w it h mastic varnish. Yellow : 
King's yellow is used as the pigment, 
hut the effect is considerably improved 
by dissolving turmeric in the alcohol 
before adding the shellac to form the 
varnish. Yaiious colours are made 
simply by the incorporation of a suit- 
able pigment in the \ arnish made as 
described above. 

Tortoiseshell japan is extreme] v 
pretty, and comparatively ca-y to 
manipulate. The work is first, coated 
with a japan made by boiling 2 pints 
linseed oil, to whitli Jib, umber lias 
been added, till it becolies thickened ; 
the mixture is then strained and fui- 
t her boiled till it. becomes of a pitihy 
consistency. This is mixed with tur- 
pentine to a workable consistency mid 
then applied. On a thoroughly dry 
coating of this japan lay a quantity of 
vermilion spots t*» represent the clear 
portions of the shell. The vermilion 
japan is made by adding vermilion to 
shellac v arnish ; it should he lqjd on 
thinly and dried. The whole sur- 
face is then finally coated with a thin 
Inver of the above described brown 
japan, still further diluted with tur- 
pentine. A long course of storing will 
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be necessary to thoroughly hard on the 
japanning. ‘ 

The operation of japanning consists of ' 
driving oil tho solvents of the japan at ! 
a high temperature. When the article, ! 
covered with a coating of japan, i& 
placed in the oven and submitted to a \ 
temperatmc of about .‘>*>0 F. and even 
more, the solvents quickly evaporate. , 
— Tho residue, a gummy substance, with j 
wlihli is incorporated the colouring' 
matter, is kept liquid by the beat, and j 
in the semi-liquid state forms a smooth ' 
coating filling anv sm ill inequalities of 
the Mirface. The baking ppm ess secures 
a very firm adhesion ol the j ipan to the 
metal, tar superior to that of ordinary 
\arm.sh or paint. Tin* japan is also 
made hard, and consequently better 
able to resist wear. When one coat 
is driel another is applied and sub- 
mitted to t ho action of heat. These 
operations are repeated, as may be 
deemed necessary, from one to six 
times. Each succeeding coat of japan 
will present a more uniform and I 
glassy surface. Thenatmal llow of the ; 
japan generally mi dices to produce a I 
good smooth sm face, but in some cases 
a processof polishing is resorted to' 
before the application of the final coat, j 

The temperature for light-coloured ' 
japans must not be sutlicieutly high to S 
scorch, or the surface will, of course, be 
discoloured. Park japans are usually j 
dried at a very high temperature, if the 1 
article is not likely to be injured by | 
heat. The tinal coating of japan is 1 
geueially a lajer of clear varnish, i 
which will avid to the lustre of the j 
surface. Practical experience is the j 
best, and, indeed, tho only guide by 
which proficiency in the art of japan- 
ning can he attained. (1\ N. Ilaslurk.) 

(A) Wvtul. — A lacquer of great elas- 
ticity, perfectly supple and not liable 
to peel olT, is made in the following 
manner: — About 12u lb. oil varnish is 
heated in one vessel, and 113 lb. quick- 
lime <s put into 22 lb. water in 
another. As soon as the lime causes 
an effervescence, 55 lb. melted rubber 
are added. This mixture is stirred, and 
then poured into the vessel of hot 


varnish. The whole is then stirred so 
as to be thoroughly mixed, then 
strained and allow'd! to cool, when it 
lias the appearance of lead. When re- 
quired for use. it is thinned with the 
necessary quautitv of varnish, and ap- 
plied with a brush, hot or cold — pre- 
ferably the former. This lacquer is 
useful fur wood or iron, ami for walk ; 
it will also render waterproof cloth, 
paper, Arc. 

(i) White is the usual type for 
Tonbridge ware, &r. Therefore the 
giam should be* tilled up with plash r 
i ot Palis and glue size. As a matter of 
course the wood should be white, Mich 
as pine, ehe-tnut, lime, or holly. After 
tilling up the grain, well paper the 
surface, smooth with glass paper; no 
| oil must be used oil any account, if 
the appearance is not satisfactory wdien 
! papered down, give another coat of 
1 glue, size, and pi aster ol* P'u*is, paper 
I down smooth, then gi\« tlVe article a 
' coat of varnish made as follows: — 
J lh. flake white, A gill spirits of tur- 
pentine, .] gill spirit varnish, such as 
white bard varnish or glaze. (N.B. — 
It must be borne in mind, as the 
qualitx of flake white and the thickness 
of the varnish vary, the quantity must 
not. be taken as quite exact, but the 
amateur must be guided by circum- 
stances.) When the first coat is dry, 
paper down and give another coat ; 
paper down again, give another coat. 
When quite set give the whole piece of 
work a coat of white hard varnish, or, 
if preferable, a coat of glaze. Work 
done in this style will la^ for years. 
Should it at any time get bruised, it 
may be papered down and re varnished. 
In grinding colours for coloured work, 
great care should he taken that the 
mixture is worked quite s^nootli, using 
spirits of turpentine only. Never mix 
with varnish until xlhe colour has been 
well mixed with turps, and never mix a 
greater quantity than will be used at. 
any one time. For colour japanning 
the following colours are used : — 
Flake white, red lead, vermilion^ Prus- 
sian blue, chrome .yellow, the various 
ochres, Vandyke ^brown/Himber/lamp- 
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black, blue black, drop black. With 
these any colour may be matched. 
For black japan a simple plan is to stain 
the article, or even paint it with lamp 
black and turps. After the grain is 
filled up, then varnish it with black 
japan thinned with turps, afto 
which give the article a coat of 
white hard varnish, darkened 
with ivory black, or it may be . 

finished ofi'w ith a mixture of gold , 1 
si/e and ivory black, but must 
have 1 wo coats. 

(j) Trays , Jtish ( overs, dr. — - / 

Well cleanse the covers from / 
grease by washing in .sulphuric | 
acid and water. Rinse in cold 
water until quite free from acid,. 
Purchase any quantity, say 1 pint, 
black, brown, yellow, or red japan ; 
tarnish; pour a small quantity of, 
tarnish in a cup. Plate the * over in 1 
a warm ^oven until quite' hot; re- 
move from the oven, varnish the enter 
in one direction, using a camel hair 
hi ush. When every part lequircd to 
be varnished is done, place the coter 
in the oven for 2 or .*» hours. If 
tin* article to be tarnished is too 


and observe how far the neck appears 
above the jam-pot ; this portion blacken 
with Brunswick or Japan black. Then 
take the cork belonging to the bottle 
and cut a piece out ot it, like Fig. M, the 
cork being placed so that the heat and 



Cheap lantern. 

smoke can escape. The lantern is no tv 
complete. To use, place a night-light 
;»t the bottom of the jar, and the bottle 
over that (Fig. .V2). The light should 
not be placed within 4 ft. of the deteh p- 
ing tray, or, if required nearer, a piece 
of nge pap* should be pi M * 
the jar, with a hole cut in it for the 
neck of the bottle. This light will not 
fog an extia-rapid plate. A beer bottle 
will do for the bottle. 


large for the oven, it should 1 m* made 
quite hot in front of the tire, ami same 
after varnishing, but care must betaken 
not to allow it to Mister, and to keep 
free from dust, and draughts of cold 
air. 

MAGIC LANTERNS. 

The Lantern. 

(a) Champ lantern for gelatine plates. 
—The cost of this lantern is nothing, 
for evtflhy amateur who practises pho- 
tography has the materials required — 
viz., a green glass bottle and a jampot 
of white earthenware large enough to 
admit, of the bottle being placed within 
it. Next cut off tdie bottom half of the 
bottle, by first holding the bottle over 
a candle, ancPthen plunging it into cold 
water ; this will establish a crack which 
is led round the bottle with a red-hot 
poker, thus cutting it into two parts ; 
then nlace t|^e upper portion with the 
wcOTnAo the jam-pot, neck upwards, 


(//) Jlejiecthnj lantern . — A magic- 
lantern which can he used for showing 
opaque objects is thus described : - On 
the insub 1 of each end of the fiont, and 
on the inside of each end of the box, is 
a concave reflector; these are so placed 
as to concentrate the light upon the 
picture at the centre of the back of the 
box. in a tube F, projecting inward 
fnm the front, bctweqp the mirrors, is 
arranged a sliding tube G, holding a 
convex lens II. This tube is moved for 
focussing by means of a rod J extending 
up to the top <f the back of the box. 
In the box two lamps ot* other lights — 
such as calcium or electric — are placed 
between the mirrors at eaeh end, as 
shown in A Fig. Above each light 

is placed a detachable funnel. The top 
of the box is curved and the under side 
is polished to reflect the rays oT light. 
In the top is a ventilating opening pro- 
vided with a hood to permit the hot 
air to escape ; the supply of a ; r is 
admitted through the perforated 
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bottom. The pictures arc held in a For example, if a photographer wishes 
sliding apparatus moving between two to show his customer how an enlarge- 
longitudinal grooves, 1>, secured on the meat from a carte will look, he simply 
outside of the back of the box, and has to put the carte in the “wonder 
having two apertures, which tan he camera'* and “throw it up.” Many 
closed by hinged doors. The pictures enlargement scales may he made in 

this way. Any photo- 
grapher nuiv make a “ won- 
der camera” for himself, 
and what follows will tell 
him how in a very simple 
manner: — It consists of a 
wooden box with a top made 
of tin or sheet-iron; the 
chimney is made of the same 
material. The lens is the 
same as nsed upon a camera 
for making photographs. 
At the hack of the. box (as 
will he seen by reference ti 
Fig. h.d A n c) are two doors 
placed upon hinges. When 
the box is in use \he door e 
is kept closed. The other 
door consists of two parts 
placed at right angles to one 
another; the object of this 
is to fill the opening in y»e, 
TiefF’ctiri" lantern. door c while the pictures 

are being attached to r; 
are held in place by closing the doors, when c is swung into position opposite 
and can be shifted to appear in the the lens placed at 6, d is carried to one 
opening in the hack of the box. The , side. If stereoscopic views nre to he 
light from the lamps is reflected by the 1 shown, a slit may he cut ate, through 
mirrors upon the picture, and from the I 
same through thp lens upon a screen or ! 
wall. Hv means id' a mirror Ton a door j 
S hinged to the front, of the box below j 
or at either sid<4 of the tube, the light ' 
can be reflected upon any desired sur- 
face. Any opaque object, such as a pho- 
tograph, chromo, or drawing, can easily 
he reflected upon the screen in any 
desired size, all parts being clear and 
distinct. The pictures do not become 
ht ated sufficiently to injure them, and 
may remain in the apparatus for hours 
without being destroyed. ( Sc writ. 

Arnrr 

{r) Wonder earner, k — A “ wonder which they may he inserted without 
camera” is a sort of magic lantern so opening the box. The door e should, 
contrive 1 as to enable one to use he cut, off* a little at the bottom bo* as to 
opaque objects for projection upon the admit air. The light is *-placpd «fc h 9 
screen, instead of glass transparencies, as nearly opposite the picture pos- 
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sible. It should he a strong light ; an (dy Portable lantern . — A very com- 
argand burner is the best. At the pact form of magic lantern (Eig. M) is 
b«ack of the light is a piece of tin bent, adapted for all experimental purposes, 
into the form of a reflector. The light as well as for the projection of views. 

63 b. 53c. 


Wonder Camera. 

coming from h striker r, and i" reflected The best way to give a correct idea will 
through the lens upon the screen. The l>e to take, as example, a 4i in. con- 
pi«n of the box is represented with the denser lantern, and give the dimen- 
t on removed. Dimensions will depend sions of the different parts. The size of 

the condenser settles the 
<[ nest ion of the measure- 
ments of tin* other parts. 

The two condenser lenses, 
plano-convex, are mounted 
each on a separate hoard. 
A circle is turned out with 
a rabbet in each board, in 
which the condenser seats 
itself, and is secured therein 
by three buttons. The rear 
condenser beard A is G-J in. 
square. The front board 
V* is of the same width, 
but Kj in. lonfc. To the rear 
otic a strip is screwed across 
the top edge, and the front 
one is hinged to this strip. 
At their bases, coming be- 
tween them, two small abut- 
ting strips are secured. The 
thickness of the strips is 
such that the boards, when 
brought together with the 
• Portable lantern. strips in contact, are s^jjctly 

upon the focal distance of the lens and parallel, and the lenses are held apart 
height of the light. Care must be from each other. 

Used to have the distance from the The frame or base of the lantern is a 
lens to c, whe^ closed, equal to the three-sided square, a little over 6} in. 
focal (T, Carter.) across, and 13 in. long in internal 

£ H 
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measurement. Jl is dosed at- flu* enters ilio slot in the sliding strip es, 
front and open at t lie hark of the and the slide rumor rests upon the 
lantern. It is 2 J in. deep, 7 A in. from shoulders fanned by the upper block, 
its front; t lie hark condenser hoard is A liand screw d is arranged to hold the 
hm^cl to a strip that runs across the slide carrier in place where desired. A 
top of the frame, and is screwed tirmly smaller movahlc mirror l) is supplied, to 
thereto, flush with its upper surface, he supported above the objective when 
A long brass hook / and staple are pro- the lantern is to he used for vertical pro- 
vided for holding the rniidinser?* in jection. 

place when vertual. The hoards are A piece of sheet iron is fastened across 
held together, wln-u desired, bv another the bottom of the main frame, on which 
shorter hook c with staple. The con- the interu K rests. In the front of the 
(lenders are then in place. for lmrizontil same frame a notch is cut in which the 
projection. To arrange them forver- pieces rests. To make its position in 
tical projection, the small hook c is the front condenser board more secure, 
unfastened, the fionl condenser 1> is a second stnp may he attached just 
pushed up until the two arc at an below the mortice and to the back of 
angle of and a plane mirror i> m- the board. For lantern, any good 
sorted, resting agaiust the two bottom form of screened lamp may be used, 
strips. The mirror shoul l he mounted If necessary, a sheet-iron box may be 
on a thin board or on a brass plate, so as arranged to enclose the source of light ; 
to provide strength and pro- 
tect its hack. 

A mortice is cut in th« 
front condenser Gj in. fron 
its top, J in. wide and .V in. 
long. A piece of board a is 
cut to slide smoothly hack and 
forward through this mortice. 

For retaining the strip in any 
desired place, a liand screw c 
is placed on the side of the 
condenser hoard, which is 
notched at both its lower 
corners. A strip of brass is 
attached to the side of this 
strip for the screw’ to pre-s 
against. 

The strip carries the slide 
carrier h and le 1 us C. The lens 
is attached to a hoard about. 

4 in. wide and 5J in. high, with 
a tenon projecting from its 



base. A mortice is cut near 
the end of the sliding strip 


Portable Iuntern. 


to rccoive this tenon. 


A second mortice or slot, 4* in. long 
.md 2 in. wide, is made in the strip a. 
The slide carrier b is a board GJ in. 
high*by 4J in. wide. To its base is 
attached a piece of wood in. square. 
This is J in. thick, and below it is a 
second piece of the same length, but 
just 2 in. wide. The second piece 


but. with such a •lantern as is here 
shown it is quite unnecessary. 

Fig. 54 shows the wjiole ready for 
mounting, the lamp being lighted and 
ready for work. The lamp should 
always he lighted before beginning, as 
it may take 5 min«,for it to attain its full 
pow er. Fig. 55 shows Vhe .whtle put 
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together and arranged for exhibiting The slide carrier can also be moved 
views. Ey removing the .slide-carrier, hack wards and forwards. l»y these t %\ o 
the entire space between condenser and adjustments, the slide carrier can be 
objective is free for the introduction of brought to any point defied in the cone 
apparatus or performance of experi- of rays converging from the condensers, 
incuts. A soap bubble can be blown J >y moving the lantern backward and 
and projected in this space. A glass of forward, any modification in the dirce- 
water can be very prettily sliowJ, and tion of the light rays emerging from toe 
the lantern will be found admirably condenser can 1 m* given. A lime light 
adapted for the expei imenter’s use can be u^ed instead of an oil lamp ; but. 
I'ig. 50 shows the lantern arranged for as the object was to show a portable 

lantern, the former has been 
shown in t he cuts. (T. O'Oonor 
tSloane.) 

(c) Pentapfunw l,amp . — 
This lamp has no fewer than 
f» wicks, hence the name 
I’cnfaphane,’ 1 or .Vfold light. 
Ih sides tlie iinproveiuetil m 
the lamp, theie are some 
other* not before met with 
in the ordinary lantern. The 
shape is somewhat diilerent — 
the square front carrying the 
objective being an arrange- 
ment for exhibiting opaque 
objects, which has hitherto 
been accomplished by a sepa- 
rate piece of apparatus, the 
nphengcscope, flu* use ot which 
necessitated altering the posi- 
tion of the lantern, whereas 
in this case it is effected al- 
most momentarily. For exhi- 
biting transparencies, the 
objective is screwed into the 
bottom flange, with a cap 
screwed in to exi lmle the 
light w hen not in use. The 
light from lamp passes 
through the condenser in the 
ordinary way to the objective. 

Portable lantern. When required for opaque ob- 

jects, such as a C.lJ.V., medal, 
vertical projection, the outline of the works of a watch, &e., &c., all that 
mirror being'given in dotted lines. As is required to be done is simply to 
the slide-carrier is «not always used for screw the objective into the top flange, 
work in this position, it, too, is shown The flat mirror at the bottom is 
in dotted line*. then brought into use, and fixed at 

If all is properly constructed, the a proper angle to throw the light 
apparatus will be susceptible of all from the condenser back on to tnc ob- 
kinds of adjustments. The sliding ject by a piece of metal drilled with 
board <rcan be moved back and forth in a number of holes, and a pin fixed 
the mortice in^he front condenser board, beneath. The object is then reflected 

H 2 
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through the object i\o on to the screen. 
This arrangement w ill he found very 
serviceable for introducing many inte- 
resting objects in the course of an 
exhibition, which otherwise could not 
he done without first Inning them 


mode rat o-siicd lecture rooms. The 
difficulty of the accurate adjustment of 
the wicks, so as to avoid smoke, &c., 
from so many burners, is obviated by a 
\ery simple but, at the same time, very 
effective arrangement of a fail or 



photograph*; 1 and made into slides in shutter placed in the iron chimney ot 
the ordinary way. The 5 wicks of the the lamj, which regulates the current 
lamp are arranged parallel, and the of air so that, when the flames are left 
light given is, certainly, one of most at a moderate height all level, by 
intense brilliancy and, for transparencies, turning the fan tb.e current of air is 
all that cm be desired for schools or increased, and the contbined Carnes 
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drawn upwards and towards the* ccntie, 
whore the greatest amount of illumi- 
nation is, of course, required. The 
lantern appears to be well made in all 
its parts ; is fitted with 4 in. condensers 
and portrait combination objective and 
1 Juigly portable, paekini 


are used, but for the mere pm pose rf 
exhibiting a. senes of photographic views 
there is no need of tw o lanterns, unless 
it be for the purpose of effect, an! that 
is no small matter in a lantern enter- 
tainment. To see a picture come on 
the screen in its jrojer place and 



into a light iron case only 1 o in. by 
7^ in. by 111 in., and leaves nothing to 
be desired by those who wish for a 
compact and complete instrument ready 
at a moment’s notice. 

Carrier for Slides.— The lantern 
slide earring may sound to some a very 
unimportant? part of the lantern outfit, 
yet it is the very buck-bone of a successful 
entertainment, Chadwick, who has 
done much to simplify lantern manipu- 
lations, has overcome, to a certain extent, 
the difficulty of exhibiting slides of 
various sizes. A uuiveisal size of slide 
would do much to advance the interests 

of photography au^ rt ’ move a l“ a ‘l °f 

anxiety from the mind of the lantern 
conductor. We would then be in a 
better position*to exchange slides with 
other nations, and he sure of exhibiting 
them without any special arrangement 
in the form of our carriers. 

Chadwick's improved carrier is simple 
and eiflctitfe enough when two lanterns 


remain there quietly till the lecturer 
lias passed his remarks upon it, and to 
pass as quietly away, is a pleasure we 
seldom enjoy under present circum- 
stances. When a single lantern is used 
we are accustomed to see the pictures 
pass along the screen in regular, and 
sometimes irregular, succession with an 
ugly streak of black between each, 
caused by the binding of the two glasses 
and the round or cushion-shaped mask 
between them. Why this has been so 
long the form of mounting slides is 
difficult to understand: it is much 
better to leave out the mask, and with 
the picture close up to the edue, bind 
only the top and bottom of the slide; 
and if the push-aloug process of exhibi- 
ting he adopted, we have something 
more approaching a panoramic cflect, 
and the eye will not be so painfully 
impressed with what in reality appears 
more prominent than the picture itself, 
namely, its mask and binding. This, 



102 


MAQTC LANTERNS. 


with the single lantern, will be found a 
practical way of getting over the diffi- 
culty when .■slide'' of various sizes are to 
be exhibited ; indeed there need be no 
limit to the length of the landscape 
slide, though for portraits the mask is 
indispensable. A universal si/e of slide, 
after all, would be the most acceptable. 

1 shall now describe my carrier and 
the mode of using it. The only dillicuity 
in the way of its being immediately 
adopted is that a special arrangement is 
necessary to be made with that part of 
the lantern which bears the lens. The 
improved Sciopticon requii"s no altera- 
tion except in the hood which shades 
the light between the condenser and the 
objective. The carrier requires no great 
amount of mechanical skill to eflect the 
desired altiii at ion. Figs. 58, .V.) give 
some idea of the shape and mechanical 
arrangements of the carrier in its 
unproved form: — 

A 11 Fig. 58 is the frame, which may 
be made of either wood or metal. (1 is 
a spindle which passes from side to side 
of the frame, terminating at each end 
with a suitable thumbseiew, by wduch 
it is turned in the act of changing tin* 
slide. 1>, two metal plates passed 
through the above spindle, which act as 
levers in pushing away the slide. E 
may be called a self-acting balance 
lever, the form and action of which will 
be better seen in Fig. 59. F is a spring 
to counteract the force of the falling 
slide, upon which the successful working 
of the carrier ^iiicli depends, in adjusting 
which be careful to give it a slight turn 
inwards, so that the hlidc on falling may 
not he forced outwards. Fig. 59 is a full 
size section of the principal part of the 
carrier as seen from the side: tj is the 
spindle; /. the self-acting balance lever, 
which is simply a plate of metal bent 
round the spindle in the form repre- 
sented, the round black part of which is 
fille^ with lead, thus causing the lever 
to press against the slide i, and hold it 
in position till forced away by the 
spindle levers in the act of changing the 
slide. 

In using the carrier, drop a slide in 
at the top of the frame at A B, Fig. 58, 


till it rests on the spring F. That being 
exhibited on the screen, drop another 
slide in at the top as before, while the 
spindle levers are lying in a horizontal 
position, thus preventing the top slide 
from coming in contact with the bottom 
one. The lecturer having finished his 
description of the view on the screen, 
gives the signal, whiles you give the 
thumb-screw (* a slight turn, and, in a 
Hash, the scene is changed. The slide, 
on being expelled from the carrier, falls 
forward upon a cushion or pad, from 
which it is removed during the descrip- 
tion uf the succeeding slide, aud so on 
till the close of the lecture. (,). McKean.) 

(/) Hiuniitl Lantern . — A dillicuity w ith 
many has been that they cannot obtain 
coal gas ; and they find the oxy-caleium 
process with spirits of wine not easy to 
manage. The symmetrical condenser is 
now much in use. A hint for steadying"* 
the jet ami lime bidder is by filb^away 
the supporting rod on the side opposite 
to the screw'. This simple plan is so 
effectual for the object designed that it 
ought to be generally known and 
adopted. 

Sources of light are the first point for 
considerat ion. Tli e forms are as follows : 
The lowest form of lime-light is the oxy- 
caleium or spirit-lamp jet. In this 
form a jet of oxygen gas is thrown on to 
a spirit-lamp flame, and, striking on a 
cylinder of lime, produces the lowest 
form of lime-light. This light, under 
usual conditions, is equal to 150 candles. 

'The next is the safety oxy-hydrogen 
jet. Here we use a jet of gas from the 
nearest gas fitting, and through this 
the oxygen jet is throw'n, as described, 
on to the lime. This form is perfectly 
safe, and gives a light equal to 190-200 
caudles. 

The most powerful of all is the true 
oxy-hydrogen jet. Here we have both 
gases (the oxygen and hydrogen) under 
a much higher pressure*/ The jet is so 
constructed that the two gases mix in 
the chamber of a jet, and pass through 
the jet into the lime cylinder. This jet 
is equal to 400-425 candles. The light 
is most intense, and with it vievft 35 ft. 
dinm. may be shown. Its great draw- 
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back is that it is only safe in the hands 
of an experienced operator. Jt is a form 
requiring careful manipulation in every 
respect, but if certain conditions are 
complied with, it can be used without 
danger. 

Ilighley describe* an oxv-spiii? lamp 
which seems pci feet in all its arrange- , 
incuts. Pumphrev’s vaporiser, when j 
you cannot get coal gas, is an imw- j 
pensive Apparatus, and can be used with ' 
any lantern, the spirit being volatilised, j 
and burned without a wick at the 
mouth of an ordinary safety jet. Thee 
are, however, two or three points to be ! 
observed in order to ensure success, I 
Much depends upon the construction ot 
the burner. If you use an oxygen | 
nozzle with a very small bou\ and force ' 
the gas tlmugli it by strong pressure — j 
say bG In. or more on the bag — there ' 
^will be a dark nucleus in the centre of 
the incandescent lime .spot, supposing 
tlie % % jriifider of lime to be somewhat, 
near to the orifice of tli* jet. And uot 
only so, but cm looking into the anterior 
glass of the lens from the front, you 
wiy *ee the same dark centre, with a 
ring of light surrounding it, something 
like an annular eclipse of the sun. The 
explanation is that the two gases sue 
travelling at so different a rate at the 
time of their emergence from the jet, 
that they do not mix properly, and 
hence there is an excess of oxygen m the 
iniddle*of the flame, producing a cooling 
effect. \ 

Some say that the greater the pressure 
on the gas hag in the o\y-caleium 
process, tlu* hotter the light; but in my 
own practice I liiid quite the reverse, 
and have obtained the best results by 
using a low pressure not exceeding ~8 lb. 
The oxygen then travels slowly, and 
mixes more thoroughly with the spirit 
vapour before the flame touches the 
lime. Quantity of oxygen, however, is 
important, ajid hence i enlarge the bore 
to in. to compensate for the dimin- 
ished pressure. A single trial will show 
the advantage of this enlargement of the 
bore, Ihe light beipg better and more 
steady, yhiht the lime requires to be 
turned seldom, or not at all. 


Look at the matter from a common- 
jon.-e point of view. In this oxy- 
ealcium process you have spirit of 
benzoline vapour escaping slowdy 
thrmigh a large orifice of J in. diameter, 
and you send a small and rapid stream 
of oxygen into the Centre of it. UnU*s, 
therefore, the lime cylinder be at some 
distance, the two gases cannot mix. 
When, how e\ er, you use a larger stream, 
and one whose rate of tr.ix idling corre- 
sponds more nearly willi that of t lie 
spirit, ihe admixture is pel feet, and 
complete combustion is the result. At 
all events, whatever the tluorv may he, 
there is no doubt that in pi active the 
latter method gives the host remit. 

The in. oxygen on lice may bo 
measured by an amateur sufficiently 
nearly bv stamping it on a sheet of 
paper, and making live impression*, side 
by side, which ought, then to measure 
Jin.; or by picking out a stocking 
needle which exactly tits into the bore, 

| and pricking a few holes on paper disc 
, together. 

A beginner will, poihnp*, find a 
dilliculty in centring the jet in the 
lantern when it is heated by the 
small lamps employed with Piimphrey's 
vaporiser. To avoid this, cut a circle of 
paper the size of the condenser, with a 
small hole in the middle, and stick it on 
! the back glass w r ith a wafer. You will 
| then see exactly the height at. which 
, the jet should be fixtd to bring the. lime 
spot, on a line with the optical axis, and 
| it will remain only to cut a half cork, or 
j a piece of soft wood, %ul lie it, under- 
neath, on to the supporting pillar, so 
that for the future the jet. may be 
dropped on to it, and screwed up 
securely. 1 work the oxy-ealcium pro- 
cess xv it li the lime cylinder rather near 
to the jet, although not quite so near as 
in the ox j- hydrogen process, in all com- 
parative experiments, the distance lrom 
the jet should be noted, as it has an 
influence upon the result. Jhe soft 
limes are preferable to the hard, when 
low pressure is to be employed. As t.o 
construction see Figs. 60-70. If we sup- 
pose, side by side, two mahogany body 
lanterns, aud if W'e place one of them on 
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the top of the other, making 1 h«» 
necessary arrangements as to canning 
the trays, etc., we have the first prin- 
ciples of the bi-uni.il lantern. In doing 
this we find an obstacle arises, the disc 
of the upper lantern does not coincide 
or register with that from the lower one. 
Hence we are compelled to either till 
the upper lantern downwards, or in 
some wav to obviate this. If we, 
therefore, allow the stage carrying the 
condenser, slide holder, telescope front, 
and focus lens of the lower lantern to 
Temain as it is, but lit the upper stage 
to the mahogany body with a hinge, and 
arrange for its adjustment, which can 
be done by having a spring to press it 
outwirds and two milled -head sciewsto 
draw it back, we then are aide to cause 
both discs to coincide on the screen. 
This plan was the one adopted by 
llighley. Other makers adopt a pre- 
ferable arrangement, and make both 
stages movable. Assuming that, instead 
of two lanterns, one on the other, we 
make a body specially adapted, dimen- 
sions as follows would be suitable : — 
Fig. 60 shows the wood body ; height- 
18 in., inside measurement 7 in. by 0 in., 
bottom projecting 3J in. The bottom, 
Fig. 61, 13£- in. by 9J in. It is easy to 
make a lantern, which, for appearance, 
looks compact and portable ; but nothing 
smaller than the sixes named will give 
an instrument that will work well with 


will not interfere with the air currents. 
At the bottom of the lantern, and 
secured to the feet, is a tray-holder of 
sheet-iron ; in this slides the bottom 
tray, measuring V>}- in. by in., and 
shown at Fig. 66. Halfway up is another 
tr.iy to work with the second or upper 
system of lenses, and this is carried by 
another holder, which should be riveted, 
not soldered , to the metal lining. In 
work, the lower jet would so heat the 
hot ton* of the upper holder, and, in 
j « onsequonee, the tray, that damage 
would result. To obviate this use a 
llame guard or deflector. This is a piece 
of sheet iron, shown at Fig. 65, also 
riveted to the lining and tin below the 
bottom of the tray holder, the air space 
between being lbund to sufficiently pro- 
tect the upper jet and tray from 
damage. Faithcr up the lining is 
turned over on a wire, so as to terminate 
about 1 in. below the mahogany work** 1 * 
1W t his means the hot air passing, up 
the air space escape* into tne upper 
chamber of the lantern, and so out by 
the hood. On the right hand side of 
the lantern should he the doors; they 
are 6 in. square, with a hole in. dia- 
meter through the centre (see Fig. 67). 
The doors, as well as the body itself, 
should have a tin or sheet-iron lining, 
kept off ’ in., as described. In the 
centre of the doors should be a circular 
bole 1 1 in. diameter. The use of this is 


good ventilation. It is a somewhat 
costly matter if, in reducing space, w r e 
lind some evening that the woodwork of 
the lantern is on fire, and that one or 
both condenser*, are damaged. Inside 
the body should he a lining of either 
sheet iron or tin plate. Figs. Gli to 65 
show various view's of this. It should 
be kept off the mahogany, so that an 
air space of }-£ in. is left all round. 
This, when the lantern is in use, allows 
a current of air to pass up, and so pre- 
vents undue heating of the wood. Fig. | 
62 shows the side measuring 18 jj in. by 1 
9 in., wi^h holes 6 in. square. Fig. 65 is 
the back, 6 in. wide. A good way of 
holding up the lining is to screw it to 
wood blocks (the thickness of the air 
space), which, if placed in the angles, 


to be filled with a piece of dark blue 
glass (the tin lining being cut away to 
match) through which the operator can 
examine his limelight jet, without being 
exposed to its dazzling brilliancy or 
having to open the door. 

Next comes the back (see Fig. 63); here 
we must cut away the wood and lining, 
so as to obtain an aperture through 
which the tray and limelight jet pass. 
At the front., Fig. 64, two circular holes 
must he cut where t!Te condensers pass 
through, and should be J-J in. larger 
than their diameter. 

As to the arrangement of front, 
Stewart, Middleton, and many other 
well-known makers fit the entire lens 
system to a brass plate or stage, Fig. 68, 
which is hinged to the fantern tidy, 
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nmt adjusted, as described ; Hie eon- across llio centre of the lantern front, 
denser being carried by a short tube and carrying the condenser on the inner 
projecting into the lantern, whilst the side, and the brass front and focus lens 
power or focus lens is carried, as usual, as before described. In this form, Fig. bl>, 



at the end of the brass part. Wood, the slide-holder and stage are of mahog- 
and seyeral other manufacturers, on the any, and on this plan (which is superior 
other hand, fit, as ft were, a mahogany in many points) all our highest class bi- 
door^hinged # to a cross bar running and trhunial lanterns are constructed. 
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This plan, though more costly, has 
ml vant: iges iu appearance and facility of 
adjustment — the coincidence of the discs 
being securnl with milhd-licad screws 
passing through the cuds of a brass 
strap i unuing across the doois. This 
lias one great advantage : it dispenses 
with spiings of any kind. The wood 
and cap for the* top of the lantern are 
shown at Fig. 70. The condensers 
should he either in. or 4 in. diameter. 
The focus lenses, which should be of the 
double achromatic form, with rack and 
pinion, are now made to give long and 
short focus. 

The utility of this is in working with 
a screen of given size, viy, for instance, 
10 ft., 1 - ft. 15 ft. or 20 ft. Assuming we 
have an achromatic power of which the 
short focus is 4 in., and the long 0 in., 
we can utilise the concave of the lank 
combination, as aKo the crowed bi- 
convex lens, to either further prolong or 
shorten the focus. Taking the example 
of a screen 2<» ft., and supposing we have 
to work in a room 25 ft. long, our double 
combination just covers it nicely. Hut, 
supposing the room was 50 ft. long, we 
should be just iu the middle of the 
audience. We will use tin* long focus 
lens, and, placing ourselves at the 
further end of the loom, we still throw 
the 20 ft. disc. Hy the same mode, if 
we have a room larger still, hv using 
the concave hade we can stall further 
lengthen the focus. l»y this means an 
expert operator can plate himself at any 
convenient distance, and still maintain 
his given diameter of view on the 
screen. The front or tubes of this form 
of Jautern are so const i m*ted as to slide 
one within the other, and by this means 
we are able to lengthen our tubular 
front when using long-focus lenses. 
(Amateur Vl’o/7:.) 

Slides. — Print inij fr.irnc. — To print 
tran.*.parencies for the lantern by con- 
tact, when the negative is of a larger 
size tl*»n the picture required, necessi- 
tates some special kind of printing frame, 
if the negative is to be kept free from 
scratches. The following may be simply 
made, ami will be found a great conve- 
nience where a number of pictures are 


required alike: — Take an ordinary 
printing frame, say a 12 by 10, of the 
kind made to use without a plate-glass 
in front, and in the rebate where the 
negative is usually placed fasten, with 
strips of paper all lound the edges, a 
piece of very flat glass ; turn the frame 
over, and on the other side of the glats 
fasten a mask of paper or cardboard 
having an opening .4} in. by 5 \ in. exactly 
in the centre. Now, in place of the 
ordinary hinged back, make a frame of 
the same size and thickness, with an 
opening in the centre about (5 by 4 in., 
and cover all over one side, with the 
exception of the opening, with a piece 
of velvet. 'I'liis frame, when placed in 
portion, will la* held by the springs that 
originally held the hinge hack. To 
complete the arrangement, cut out a 
piece of div mahogany 1 in. thick, and 
exactly t» by I m. to accurately lit tipi, 
opening iu velvet-covered Imag’d, and on 
this block draw a square oj in. k j '5 j m. 
exactly central. At one end of this 
square glue down a very thin slip of 
hard wood — that is, rather thinner than 
the glass plates to be used — and at^the 
other end : at a mortice .'5] in. long, and 
about 1 in. wide, right through the 
block, beginning just within the 3j* iu. 
lino, say ^ iu. less. Into this mortice 
Jit a pi' ce of wood 3^ in. by 1 in. by J in. 
On to one side of this piece glue a 
similar strip of hard wood to that 
placed on the end of the block only, 
projecting ^ in. each end, and on the 
other side screw a similar piece so that 
it can he removed. Place the piece in 
the mortice and screw on fine back slip 
of wood ; there will then be left a space' 
of J in. at the end, just room to put a 
piece of bent steel dock spring suffi- 
ciently strong to clip the 31 in* plate in 
position. The sides of the block may 
be rebated down -J- K*. at the 3J in. line 
to allow the thumb and finger to adjust 
the plate in exact position. To com- 
plete the frame, place the block in the 
opening of velvet board, and arrange an 
ordinary brass pressure frame spring to 
keep it in position. For use, take the 
frame, remove the board,* ami adjust the 
part of negative required over the in. 
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signing, then place over tlic velvet - 
covered board, and fast *11 down the 
poiings. The TiJ in. plate is now dipped 
in the block, and dropped carefully into 
the opening over the negatn e, and after 
exposure i* lifted out in tin* save way, 
so that any number <d exposures may 
be made exactly rcgi-tcivd in tbe same 
position, without tin* chain es of in jury 
to the negative winch often occurs 
unless some such arrangement 1 , 
adopted. (A. Cowan.) 

St zc y S/uijH', and JMounltiuj . — The 
size generally adopted for a lantern 
slide is oj in. square, with J , in. margin, 
\vlii(*h gives the sight of the picture 
f Jj in. square. By u squaii* ’’ J mean 
the mm ailed cushion shape— that is 
square, with the four corners rounded. 
All lanterns of any pretensions are 
fitted with condensers of 4 in. di, nuclei , 
**£11x1 lliis will take nicely the shape 
ah** c-nlmud without any failing oil* 
the corn- rs, the diagonal of the open- 
ing of the masks for the purpose being 
oj in. If the lantern is tilted with 
condensers of in. diameter only, 
nftsks with round opening* can only 
he used for all pictures, unlcs* one is 
satisfied with only small-sized pictures. 
As regards condensers, many of the 
modern lantern* are fitted with con- 
densers made with two p!ano-eon\ e.v 
lenses, mounted with their convex sides 
to each other, and the two piano sur- 
faces ontwards. For limelight, a con- 
denser of. this kind is the worst form, 
as it is almost impossible, when 
centering* the light (especially when 
the mixed jet is used, where the light 
emanates from a very small spot only), 
to get a perfectly lint field, or “ depth 
of focus ” ; and the adjustment of the 
light* requires to be very accurate or 
the disc is not perfectly white. Not 
so if the other form of compound con- 
denser be used, made up of a bi-couvex 
lens, and the other lens of a meniscus 
form ; and when mounted, tbe side 
which is concave being towards the 
light, and the convex side towards the 
screen. A (jpndenser of this kind always 
gi^s tile best results with the mixed 
jet. The delect in the first-named 


condenser is not so great if the safety 
or blow-through jet is used, as the spot 
of light 011 the lime is much larger; 
and t he defect is still less in the oil 
lantern, ns tin* size of the flame is still 
larger. The piano-condensers are used 
a* being much cheaper. 

To avoid mistakes, the masks for 
lantern slides are best made of what is 
known in the paper trade as surface 
paper — t hat. is paper black one side 
and white on the other, the Mack side 
being placed towards the film, and the 
white side towards the cap glass, and 
on this white side of the paper the 
name of the subject can be wiitten 
with pen and ink. The white side is 
also very convenient, as it can he 
easily M_-en in a very dull light by the 
operator. J11 making slides for 
amati ur.s, 1 goneially mount them 
in this way; but I think a more 
elegant w ay is to use masks black on 
both sides, and write the title in white 
with a pen. To do this, get a buttle 
of Chinese or permanent white, empty 
the contents into a much larger bottle, 
and thin down with water, stirring 
well with a piece of stick kept for that 
purpose, to si consistency that will flow 
m an ordinary fine-pointed pen. Or, 
if the title is long, it is best, to use a 
steel pen called crow-quill size, or a 
lithographic pen; the writing is then 
quite as easily done as with an 
ordinary pen and ink. The white 
must be occasionally stirred or shaken 
up, as the pigment being heavy soon 
settles. ^ 

Whichever system of mounting is 
used, the white side, or where the title 
is wiitten, this side always goes to the 
light, unless the pictures are to he 
seen by the audience on the other side 
of the sheet, then matters are reiersed, 
and the white or written side of the 
slide must go towards the sheet. 

The shape of opening of the mask is 
a matter of taste and judgment accord- 
ing to the subject ; for ordinary land- 
scape or interiors, s the cushion shape 
will generally be found the best, 
except in some instances where there 
is .something objectionable in the 
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corners, then :i circular opening may j 
be an improvement. Or take t lie ‘ 
subject of a distant landscape with too 
much of a grassy field n tin* fore- 
ground, the rip ulur shape decidedly 
will be a \rrv great impvox ciucnt ; in 
few instance* an oval will be a greater 
improvement. still. For portraits, the , 
o\al form is far .superior to any ! 
otlier. | 

In many instances, the square or 
cushion shape is not suitable to the ■ 
subject, especially where slides have i 
to be made from negatives not taken i 
for that purpose, The 7 \ in. by 5 in. J 
and the 7-[- in. by 4 A in. size negatives, 
are mostly very unsuitable to contract . 
into a square shape, unless tin* sides 
contain uniniportant matter and < an . 
be cut off; if the whole of the subject 
has to be included, it i*> bett» r to make : 
a mask of the same proportions. In 
some instances, the sky can he made 
higher; if the subject be a lint country 
scene, then the skv being made higher : 
will give a better representation of 1 
the flat or maishy country; but if the 
subject be mountain scenery, making 
the sky higher would have the effect 
of <i wailing the mountains, winch 
would not he truthtul ; just the same 
as in mounting an nrdniarv portrait, 
the higher the subject is mounted the J 
taller he or she looks, and tin* lower 
the shorter, and it is just, the same 
with the landscape subjects before 
alluded to. Many pictures are entirely 
spoiled by injudicious mounting, 
whereas, with a .little care and taste, 
their value wouffl he greatly enhanced. 
The masks I use I generally purchase 
by the gross, ol the standard sizes, 
taking care that they are accurately j 
cut and not out of the centre ; and for ! 
odd sizes I have a lot of shapes made of i 
hard sheet brass, .‘Jj in. square outside, 
with the various sized openings, using 
the Woodbury cutter, which is very 
easy, cutting on a piece of plate-glass. 

As to 4 \he binding of slides, nothing 
is better than thin black paper — not 
the ordinary so-called needle-paper 
that is generally used. The thicker 
the paper the more easily it is pushed 


off. Many use gum to stick it on with. 
Paste with the thin paper sticks far 
holier than gum. The heat of the 
lantern make.-, the gummed paper 
tumble off the glas>, whereas it has no 
effect if piste is used. To make the 
binding more durable, if a little trouble 
is not an object, and the thin paper is 
used, just pas* a camel-hair brush, 
charged with ordinary negative varnish, 
over the paper, which makes it very 
liar!, and . tand a lot of rubbing with- 
out getting damaged. (W. Brooks.) 

— The requisites of a good 
lantern picture are : — (n) Artistic com- 
position, the arranging of the subject 
m such a manner t lint as the eye 
wanders over it its beauties continue 
to grow, and the imagination receives 
an unalloyed feast of satisfaction and 
pleasure. To some extent it U possible 
to teach the art of composition — at all 
events, m» far that its simplest canons 
may escape violation — bhu-'-'ine 
capacity of rendering true art is a 
gift of nature. (/>) The technical 
excellence of the picture, its mechanical 
production. 

The wet process yields the bftst 
results in many cases. It is at times 
somewhat troublesome; still, with 
care and observation, its difficulties 
can be overcome. Collodion — that is, 
pyroxvlinc dissolved in ether and 
alcohol — forms the vehicle to receive 
th e sensitive salts, and a collodion that 
has been iodised some time is necessary, 
otherwise the high lights of the 
picture will suffer. Thin glass cut to 
the standard size is taken, tjid after 
standing some time in sulphuric acid 
and water, it is carefully dried with a 
cloth free from soap or other grease. 
One side of the glass is then coated 
with the following solution, which 
must first be filtered through filter 
paper : 

White of egg, well beaten. 

Ammonia liquor 0* H80 * .. 1 oz. 

Water, according to quantity 

of albumen lf>-20 oz. 

The coating is performed by pouring 
a small pool in the centre *f the plate, 
then gently inclining it so that it runs 
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to paoli corner ; the excess may he 
thrown away. So soon as the plates 
are dry, they are ready for use. With 
a soft brush carefully dust the pre- 
pared surface, flooding it with rollolimi 
in a similar manner, hut returnin'; the 
excess to the stork bottle. Thfc is 1o 
avoid dust, a serious onemv. ] Miring 
the draining the corner should he kept 
in contact, with the bottle, and 1 in 1 
plat** gently roi ked to amid a sticaki- 
ness or uneven setting of the collodion. 
Direct I v it is sullicientlv sit — the best 
test of which is tning the upper 
corner with the finger — it is steadily 
and evenly lowered into the sensitising 
hath hy means of a dipper. 

A good bath for lantern slides is 
made as follows : — 

Dure nitrate of silver 

recrystallised *10 gr. 

Distilled water.. .. 1 oz. 

'tendered slightly acid with C.l*. nit t ie 
nci^jorij* #>r two drops of which will be 
sufficient, for 1*J oz. solution. 

When the hath i mixed, for each 
1- oz. add it oz. of the iodised collodion, 
and shake very thoroughly; let stand 
- l#mrs, then filter. The hath should 
now be quite clear and in good working 
order, but may occasionally he placed 
in the sun for a few hours, and aftei- 
wards filtered, when it will woik 
cleanly until the silver is exhausted. 
When the plate has been in solution 
about 2 ^ni mutes, it should he slight l\ 
moved to help the escape of the solvents, 
and in nhimt 4 minutes may be ex- 
amined by yellow light. If the surface 
is free froimgreasy lines, it is ready tor 
exposure in the camera. 

A good negative is necessary for a 
successful slide. It should be " plucky, ,f 
> as to admit of a fair exposure. 

A good developer is made as fol- 
lows : — 

# 

Vrotosul pliate iron .. 4 oz. 

Acetic acid .. .. ‘J „ 

Honey # 1 ,, 

Alcohol J „ 

Water 8 „ 

Use plenty of developer, and cover the 
jdatetin erne ^ven wave ; never mind 


spilling a little, though practice will 
enable you to avoid this. As soon as 
all detail is well up, thoroughly wash 
and intensify with — 

! Pvrogallie acid 2 1 gr. 

| Citric acid .. .. i!4 „ 

| Acet ic acid .. .. J OZ. 

I Water l J 1 „ 

! Enough to comm the plate is t'lken, 
to w Inch, immediatel \ bctorc use, a few 
| diops of the silver bath are added. 

Do not over-mteiisify, as the pictuio 
does not lose miiili in fixing, for which 
operation hyposulphite of soda may bo 
used on the ground of safety, but 
cxanide of potassium acts more quickly 
and pci haps more cleanly. Slides bv 
this process arc a good color, and do not 
need toning. A coat of clear varnish 
i implore* tin* transparency of the 
j shadows. 

| Whether printing in contact or hv 
i means of the camera, 1 strongly lecmu- 
, mend a full exposure, (ielatine plates 
; are sine to show’ fog if forced, and how- 
ever slight that may he, it should ensuie 
; their immediate i eject ion. Indeed, it is 
well to select a really good slide as n 
standard both as to density, tone, an I 
; clearness in the high light', and those 
that do not come up to it should not. he 
kept. For dry plates I prefer a soft 
negatiw full of detail. If the skies .ire 
! not sutliciently opaque, they must he 
stopped out. 

The solutions lequired are 10 per 
< cut. ones of the following : Ryrogallol, 

‘ bromide of potassium, ammonia, car- 
bonate of ammonia, a.ud carbonate of 
potash. The pvro is m&cd as follows: 

, 4 <•/. sulphite of soda are dissolved in 
boiling water and rendered acid wilh 
citric acid. The p\ ro ks then added, 

1 and the whole made up to 10 oz. with 
water. The other chemicals are simply 
mixed with water, mu! all will keep 
well. A developer giving a beautiful 
purple tone wilh Mawsmi’s and Thomas* 
plates is— 

Vyro solution .. .‘>0 miiffcns. 

Bromide .. .. -»0 „ 

Ammonia .. .. .‘>0 ,, 

Carbonate ammonia :»0 „ 

Water to make up to 1 oz. 
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Tlu* s;ime colour ran be obtained with 
Fry's plates by slightly imTea.siug the 
exposure and bromide, while a line en- 
graving black is got by shortening the 
exposure, increasing t lie ammonia, aid 
leaving out the carbonate of ammonia. 
Sepia is obtained by full exposure ami 
using carbonate of potash or soila in 
place of ammonia; but some makes of 
plate will not \ield tin.- sepia tone. 

While the plates are «ic % eloping, keep 
them in motion ; it adds to tlu-ir i igour, 
an ! avoids llatness, and prevents deposit 
.settling upon them. After living and 
moderately washing, they may be cleared 
in— 

Alum 1! oz. 

(htrie acid .. £ „ 

Water l‘> 

Tlie addition of U oz. prntosulphato of 
iron and J oz. more of citric acid will 
considerably moderate the tone, and by 
slightly redlining the slide increases tin; 
clearness of the high lights. Jf any 
deposit, appears upon the s»urfaci>, rub 
gently with the linger or atnlt. of cotton 
wool. The slide is now well washed, 
allowed to dry slowly away from dust, 
and then varnished. (K. II. Ja|ue>.) 

(ft) After your negatives are dry, the 
next step is to make a lantern trans- 
parency from them. The method is very 
simple. A d|- by gelatino-hromide 
plate is exposed behind the negative to 
the light, of a good gas-lamp for 
seconds, as the density of the negative 
may require («» seconds is the rule for a 
yowl negative). Develop with ferrous 
oxalate, to whi*h a little chloride of 
ammonium may be a ided (.‘» drops of lo 
per cent, solution to 1 oz. of developer) : 
fix, wash well, innnei.se in alum solution 
madcslightlyacid with hydrochloric acid, 
wash dry, and mount behind a piece of 
good clean glass. (11. 1*. II.) 

(c) Oil dry plates. — All the manipula- 
tions can he carried on in the evening, 
with much greater rapidity, as well as 
economy, than any other method of pro- 
ducing pictures. A perfect lantern slide 
must possess two qualifications, viz., 
absolutely clear glass in the high lights, 
and, when held up to the window with a 


ground glass or other suitable back- 
ground, full and distinct details in tho 
shadow.'. For contact printing (which 
is the method largely practised), the 
follow ing should he provided: — One glass 
pan (t by 5) fhr developing; two glass 
pails (5 by 7); as these 1 will hold two 
plates .-ach at a time, they will often be 
found useful when fixing and clearing. 
It frequently happens that the first 
plate is n«»t entirely fixed by the time 
t lie second is ready to he placed in tho 
hypo. ; hence a large trav is quite 
essential. One deep printing frame. 
A student or other kerosene lamp, with 
a porcelain shade, is the best fur making 
the exposure, and a developing lantern 
yielding plenty of diffused orange- 
coloured light is essential for the dark 
room. In the dark room the. negative 
is now placed in the printing frame, 
and the box of sensitive plates is opened ; 
one is then laid upon the face of tho 
selected portion of the negative moffC 
suitable for a slide. Next Jie 

frame up in front, of the orange- 
coloured lantern, to obtain the correct 
adjustment of tin* slide with reference 
to the phture, and carefully keep the 
jdate in position while laying the frame 
down to put in the pressure hoard. It 
is now ready for exposure, which should 
he made with the frame fixed at a dis- 
tance of about, l‘J in. from the lamp. 
< -onsideralde latitude is allowable ill 
the duration of the exposure, provided 
the developer is made to correspond to 
it. A long exposure, 15-40 seconds 
(according to the density of the nega- 
tive), with a dilute developer is the most 
suitable, yielding warm bniivnikh tones 
with fine detail in the shadows. 

After the exposure is made, the plate 
| is developed in the dark room, with the 
following solutions, prepared after 
Carbutt's formula: 

No. 1.— Iron. 

Water 4 oz. 

Sulphate of iron .. 480 gr. 

Dissolve, filter and add 
Sulphuric acid 5 drqjw or minims 
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No. 2 . — Oxalate. 

Water 8 oz. 

Sulphite of soda 

(crystals) .. .. 12<> gr. 

Ci trie; acid .. 1 gr. 

1'issolve and add 

Neutral oxalate of potash .. 

Now test with Mnc litmus paper; it' 
it remains blue, add a few drops at a 
time of a strong solution of citric and 
until the paper turns faint lv red, then 
add 

Citric acid .. .. « r >0 gr. 

Bromide of potassium l« l „ 

And filter. 

No. 3 . — Fixing lLuir. 

Hyposulphite of soda 1 07.. 

Water 5 oz. 

The developer should he mixed as 
follow** : — 

No. 2 (Oxalate potash 
‘ * solution) .. .. 4 oz. 

To<t.Wji«idd 

No. 1 (Iron solution) .. 1 oz. 

And then dilute with 

Water .. .. 1 to .'> oz. 

The development will he slow, and 
> should he continued until the details 
are fully out, and the image distinctly 
seen on the back of the plate. After 
development, the plate is well washed 
in running water; and placed in the 
fixing bath; another thorough washing 
is necessary, then it is immersed for do 
seconds in. the following: — 

( >lea kino Solution. 


Alum JOOgr. 

Water^ b 02. 

Sulphuric acid .. .. 2 dr. 


Again wash the plate thoroughly, 
and finish by holding it under the tap, 
while passing over the face of it a 
broad camel-hair brush, which will 
remove any adhering particles of sedi- 
ment. The plate is then placed on a 
negative rack, and should be thoroughly 
dry before being mounted. 

Abandoned negatives, with the film 
cleared off by boiling in water, can be 
utilised* for the projecting glasses by 
bein^ent up #o the proper size. Caro 


should bo taken to use glass free from 
spots or bubbles. (J. E. Brush.) 

{<!) The advantages of the carbon 
process are twofold: — (1) Absolute 
j control over the tone of the traiis- 
paicnev; (2) purity ol‘ the high lights. 
To ensure this latter, however, one pre- 
' caution is necessary, namely, that the 
' room whole the tissue is dried must not 
j be warmed by gas or lamps unless 
| means are provided for carrying olf the 
! pioduets of combustion. If they aie 
present in the air, an insoluble skin is 
formed on the tissue, and the high 
lights are cuii.>equently degraded. An 
actiiidineter is necessary as a guide to 
exposuie, and in mud carbon printing 
woiks one is usually employed by tins 
punters, but not always. 

| Woodburvtxpc is especially suitable 
for lantern slides. The leliet is simply 
a carbon print; but the tissue, instead 
of bring highly charged with odour, is 
only lightly tinted, the object being to 
obtain as great a thickness as possible 
in the shadows, so as to facilitate the 
printing operations afterward*. Skill 
is here required — not only in the pre- 
paration of the tissue, but m drying the 
developed lelief. The. advantages of 
this process are that, once a satisfactory 
relief is obtained, any number of print- 
ing moulds can bo secured from it by 
pressure in the hydraulic press, from 
each of which numbers of prints can be 
obtained of the exact tone and depth 
desired. It lias the further advantage 
of allowing of a considerable amount of 
retouching. For instance : if the nega- 
tive be full of pinhole^ these produce 
little raised points on the relief, which 
ran be cut down. On the other hand, 
if there be any black spots on the 
j negative, these form raised ones on the 
; leaden mould, which can also be rut 
down. These advantages are shared by. 
st.annotype. All spots are touched out 
fully on the negatne, and from this a 
positive is made, in which they show as 
white spots. From this positive a 
"relief” is produced, in whirl! these 
white spots will be raised ones, and 
can, therefore, be cut dowu before the 
tinfoil is applied. Tins process has the 
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further advantage that the positive can 
ho either direct (of the same size as the 
original negative) or copied in the ] 
camera of any size'; hut it also shares , 
with the Woodbury process the draw- j 
hack of only being economical when | 
considerable unmbers are required. ; 

Perfect lantern slides are realised i 
from gelatine plates, either by direct ( 
contact printing nr in the r.unera, » 
combining not only perfeit tranq>.ir- i 
nice, but every gradation of lone tioni 
the wannest chocolate to the coldest 
black. 

The days of collodion for outdoor i 
work arc nearly gone, and for lantern 
slides they are certainly numbered. 
Their cold tone might ho passt <i over, j 
or, perhaps, improved; but their fatal 
defect is tins difficulty in obtaining due 
transparence in the shadows, (lelatme J 
plates for the amateur seem to present 
the greatest number of advantages <d 
any profess, and there is no reason why 
— for amateur work at any rate — a 
larger camera than .‘1} in. square 
should he needed. Father from the 
negative an enlarged print direct may 
be made, or from the positive (or 
lantern slide) an enlarged negative 
might be produced of sutlicient sharp- 
ness for all practical purposes. With 
the ordinary lantern, the condenser*, 
being 4- in. in diameter, are large 
enough to cover the effective part of 
tiie oj in. square picture, while, with 
a voiy little modification, enlarged 
negatives quite equal to full-sized 
direct negatives might be produced. 

It is often complained of enlarge- 
ments that they lack crispness, and 
undoubtedly this is frequently the 
fact. Put is it due to inherent defect* 
in the process or defective manipula- 
tion ? To commence ; lmw many nega- 
tives are themselves sufficiently crisp to 
bear examination with the ordinary 
focussing eyepiece. If they will not 
bear this amount of amplification it is, 
of course, impossible to produce sharp 
enlargements from them. On the 
other hand, sharp photographs have been 
produced of minute objects, such as 
diatoms, in which the amplification has 


been carried to thousands of diameters. 
A magnification of upwards of 1U0 
diameters, with a degree of sharpness 
still requiring the md of a magnifier tc 
distinguish details, is within the range 
of the common microscope objective; 
and, oaving repeated the experiment 
with different objectives anil the same 
success, I have no hesitation in saying 
that there is no reason why negatives 
should not be satisfactorily enlarged to 
any cxiciit. (<J. Smith.) 

(r) Albumen process — It may be 
interesting to many to know the old 
system of working, so that they can 
realise the difficulties attendant upon 
it, which gave rise to so much pre- 
judice against the albumen process, 
particularly amongst amateurs. Ac- 
cordingly, before commencing the 
details of the modern method, \vc shall 
digress for a moment to give a brief 
outline of the old process, so that tne 
more recent improvements 'iPay'tne 
better he understood, and therefore, 
appreciated. In the earliest methods 
the plate was coated with plain un- 
lodi'.cd albumen, an 1 then dried. The 
iodising of the film was afterwards 
effected by exposing it to the vapour of 
iodine, in the same, manner as in the 
daguerreotype process, until it became 
decidedly of a yellow tint. It was then 
sensitised bv immersion for a short 
time in a solution of nitrate of silver 
strongly acidified with acetic, acid, 
similar to that employed in the calo- 
type process. An improvement oiiw this 
plan was effected by adding an iodide to 
Hie albumen itself, which 1( simplified 
matters considerably, as it did away 
with at least one troublesome and dis- 
agreeable operation. The method of 
woi king was this: — A ccrtaiu quantity 
of albumen was taken, and to it was 
added the proper proportion of iodide of 
potassium. The addition of bromide 
was also made by some workers. The 
whole was then whisked into a stiff 
froth. The directions usually given 
for this part of the operations were that 
the albumen should he whisked until 
the vessel containing it copld bo in- 
verted without the contents ruling 
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but. After standing some hours foi I 
the albumen to subside it was ready for 
use. ! 

The plates were coated in the follow- ! 
ing manner: — They were lirst affixed to \ 
a plate-holder, which consisted of a i 
piece of guttapercha fastened 0 T 1 the 
end of a, stifle, as pneumatic plate- 
holder* had not been invented at th.it j 
period. The guttapercha was made 
sticky b\ melting it in the flame of a ' 
spirit lamp, and the plate attached. \ 
The albumen was now poured on mid ! 
distributed, and afterwards equalis'd 
by centrifugal four, by giving the 
plates a rapid rotary motion b\ spin- 
niug the stick between the lingers. 
The plate was then detached, and put 
into the drying-box. Tins consisted of 
a box containing a number of grooves 
into which sb« Ives of potous wood titled 
horizontally, the box being mounted on 
leTolliug screws. l’revmuslv to using 
tin* tH'\ Jhe shelves were lenioved, ami 
placed, together with the box, either m 
the sun or in front of a file to tho- 
roughly desiccate them, so that the 
wood should be rendered as absorbent 
, as possible. The shell es were now re- 
placed in the grooves, and the bo\ 
carefully levelled. it was then ready 
for the reception of the platen, which, 
it will be seen, were dried entirely by 
the moisture from them being absorbed 
by the wood of the shelves and box. 

Now it s is clear that if the box were 
not accurately levelled, or if the shelves 
had become warped, the films would be 
of unequal thickness, and the plates, 
consequent!#, useless. Up to this point 
dust was the greatest enemy, for the 
smallest particle settling on the film 
was almost certain to cause a spot, and 
it will be noticed that up to this time 
the plates wore always in a position to 
favour float iug particles coming into 
contact with them. The sensitising 
was effected in a bath of aceto- nitrate 
of silver in lufich the same manner ns 
at present. Jlut the development w as 
materially different from that now prac- 
tised, inasmuch as # the picture was 
brought out with a saturated solution 
of galflc acid,, with a few drops of aceto- 


nitrate of silver added, instead of, as 
now, with pvro-galhc and. The time 
occupied in thedexelopment of a picture 
by gallic acid was rarely much less than 
4 hour, and it frequently took as much 
as ‘J hours if it were at all under-ex- 
posed. But, by the method about, to be 
described, it does not take much longer 
to develop and fix an albumen than it 
does a gelatine plate. 

Having thus gheii a short, outline nt 
the old-f.tshioned .ilhuitu li piocess, we 
shall proceed with the details of the 
picscut m stem of working. In the first 
place, w e commence with the prepara- 
tion of the albumen itself— sax I<> oz. 
'fins will riqiinv I’J-lb eggs, accoidmg 
to their si/e. These, if available, should 
by preference In* u new laid/* though 
good French eggs will answei nearly, 

[ il not quite, as well. The eggs must 
bo broken, and the whites carefully 
poured aw a) from the \ oiks, keeping 
the latter in the shells. The germs 
should then be separated. To 1<» oz. of 
, the albumen. J di. glacial acetic acid in 
1 4 oz. water is added, and the whole 
intimately mixed bv stirring with a 
glass rod. No attempt should be made 
to cause it to froth, which if done would 
give rise to trouble ; J minute’s stirring 

all that is necessary. The acid will 
produce a precipitate, and reuder the 
albumen exceedingly limp. After 
standing a lew houis, it is passed first 
through a piece of muslin to remove 
the coagulum, and afterwards filtered 
through a piece of sponge plugged in 
the neck of a funnel. 4*U >r filtration, 
40 minims of ammonia, *880, is added, 
which causes the albumen to regain 
much of the viscosity the acid had 
destroyed. Albumen thus prepared 
will keep quite good for many months, 
if preserved in well-corked bottles. 

For use, the albumen is iodised by 
adding 1 dr. iodide of ammonia dissolved 
in } oz. water; sometimes 10-12 gr. 
bromide are also added. lhe albumen 
being -ready, we proceed to coat tha 
plates. For this purpose some old 
iodised collodion is required. Any 
commercial sample that has been 
iodised for a length of time will answer, 
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provided it yield an even and structure- 
less film. If it lie very old, it will 
possibly give a thin and tender Jilin, in 
which case a little fre.sh pyni.\\TnK* j 
must le added to give it body. | 

The glass plates being thoroughly j 
cleaned and ready to hand, one is taken ! 
and coaled with tin* collodion. After' 
this has been allowed to m*I, the plate is | 
immersed m a dMi of common water, 1 
wheie it is allowed to leinain, with . 
occasional agitation, until all gi easiness 1 
has disappeared. It is then rinsed under ' 
tlm tap and placed standing on a pad of 
blotting-paper to drain, while another 1 
plate is being collndinniW. Now take j 
tiie drained plate and pour over it, • 
beginning at one en 1, a little of the 
iodised albuimn. Flow' it over m a : 
wave, so a> to rarrv t lie superfluous j 
water before it, winch, with the albu- ; 
men, should be allowed to run oil’ into ! 
the sink. I train the plate somewhat; 
dosch , and apply a second lot of albu- • 
men, avoiding air-bubbles, and keep it 
in motion on the plate for .} a minute or . 
so in order thattne albumen may peue- j 
trate into the collodion Jilin. Then pour 
oil into a measure, and stand the plates : 
in a rack to diain. The second lot of 
nlhmnun from one plate will do for the 
first application to tin* next, and so on. | 
l»y this means the albumen will be ■ 
economised. ! 

After a dozen plates have been coated, j 
take the first one and hold it in front 
of a clear fire until it is dry, and so, in 
turn, with the remainder. When the 
plates are dry. it is a good plan to make 
them as hot as the hand can bear, lbr 
this treatment will prevent the films 
from bli.stering in the after operations, 
which otherwise they may have a 
tendency to do with some samples of 
collodion. Instead of diying the plates 
by tbe fire, some prefer to allow them 
to dry spontaneously ; but, in this case, 
it will be found a good plan to make 
tliein^ thoroughly hot, for the reason 
just mentioned. Plates thus prepared 
will keep for years if preserved in a dry 
place. It need scarcely be mentioned 
that all these operations may be per- 
formed in open daylight. 


The formula for the sensitising bath 
stands thus : — 

Nitrate of silver ., ‘2 ox. 

I>ist tiled water ... 1 pt. 

Iodide uf potassium .. , r > gr. 

filarial acetic acid 

(VJO 

The method of mixing is as follows: 
— Fir t, the iodide is disSidxcd in the 
wait i*, then the nitrate ol* silver i, 
added, and the wlndo is well stirred 
with a glass rod until the silver is dB- 
solxod. The solution is then filtered, 
and, linall), the acetic and is added, 
when the bath is ready for use. The 
object of adding the iodide is to 
saturate the bath with iodide of silver, 
in order to pi event any of that salt 
being dissolved out of the liim after it 
is once burned, which otherwise might 
happen. Sullicient of the solution t> 
coxer the plate to be sensitised is pouFed 
into au ordinary dipping but.li. * The 
plates hit then immersed (with the 
precautions usual in the wet-collodion 
pioeess) for a peiiod of J-l minute 
only. In .summer, when the solution 
is warm, 3»> seconds will be ample, and, 
in winter the longer time may be 
allowed; but it should never be ex- 
ceeded, as the sensitising takes place 
very rapidly, and a longer time than in 
necessary is liable to allect the plate 
injuriously. 

P>y continual use, the bath will 
become discoloured, as does that em- 
ployed for sensitising albumenbed 
paper. It may, however, be de- 
colourised by simply shaking it up with 
a little kaolin. If the bath be much 
used — or if it be allowed to stand in 
an open vessel when out of use — the 
addition of a small quantity of acetic 
acid from time to time will be neces- 
sary. Some operators prefer to employ 
a new solution for each batch of plates. 
In this case, the plates are usually 
sensitised in a flat dish, when, of 
course, a much smaller quantity of 
solution will suflice. When the plates 
are taken from t the bath, they are 
placed in a dish of ditftilled water to 
remove the major portion of tee free 
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nit nil o, after which they arc thoroughly 
wished under the tap to eliminate the 
remainder. They are then reared up 
on a pad of blotting paper to drain, 
and are afterwards dried. 

The drying may be a» rmnplislyd in 
any of the boxe> u^ed f«»r gi-latine 
plates, ami, a« the lilm* is very tbin, it 
does not letain mucli nmi*>tuie: tin n-- 


I .such as u gas flame or a paraffin lamp 
| — may be employed. With regai d to 
1 the time of exposure little can he said, 
■is all x\ i 1 1 be dejii-iuh'nt upon the 
j source of light employed, the distance 
; the plate i-. pl.uad Jmin 'll, as will as 
, ii]m.ii the density of the negative itself. 
Therefore, the e\penmenta!i a 't must 
deteiniine tin- lnatt'T t » »r in ijj>«*1 1*. Til is 


tore the plnles dry very much cpin kcr he can ciuily do bv <\po.Mng a jd.itc or 
than do gelatine. As man) \vln> do two under a »egati\e of average in- 
md jio-s^ss pro peril -eonsh m t «*• I di \ mg l*iiMt\, gi\ing dilttront turn- for 
boxes, or cupboards, may like to ti\ dittereiit j>orlions of it, and then de- 
the albumen process, it, may l» nun- xelopuig. (hie or two jdates exposed 
tioned that one, suitable tor the pm- in this way will enable a x ery coned 
)>ose, m:i> be extemjH-i iscd 1*\ takm r judgment to be lornn d a.- I o tin-expo- 
an ordinary box, or packing us.*, and sure nquiied in future tor every class 
placing it 111 front of the lire lor an ofnegnliie. When om r this is arrived 
hour or so to thoroughly desiccate the | at it remains constant, because, unlike 
wood. In this ca-e the jdates are ! the gelatine, each batch o.f albumen 
}dm ed on sum, dry ldotting-juj.i'r, and ; jdates prepared mav be jelied upon as 
in a few hours the plates will be pci- i being of eijual sensibility. 
f<*mv r dry, the moisture from them I We now come to the de\cloj>meiit of 
Inning U-fn al sorbed b\ the desiccated , the image. This at one peiiod was 
wood. We have ere now used a treated, and preserved, as a great -en <*t. 


common bathe? when anything limn 
suitable was not at hand. Jt may he 
as w^il to mention here, tor the mloi- 
•lnation of those wlm have liexc-r pie- 
pared albumen plates, that it must uni 
be expected that the films will be dense 
and creamy like those of gdit.ne, t r 


The developing solution, alter all, is 
very similar to that used m the wet- 
collodion process lu-foie the iron de- 
velojier was introduced, except that, it 
contains a little cilne and, and that, it 
is cmplou-d warm. A good developer 
is as follow 


even of wet collodion, as tln-v me 
always very thin and transparent. 

Printing the transparencies m.ij be 
effected either in the cameia or by 
superposition, the latter being the 
vtliod usually followed; but, if the 
negatives be a different. size to that of 
the rcqiiimftrii le, the camera must, be 
uj«ed, and with it a b-ns capable of 
giving good definition with a large 
aperture. For, compared with wet 
collodion, the albumen pioces- is slow', 
and in comparison witn gelatine very 
slow indeed, although it is not so slow 
as the gelatine chloride process. With 
the camera the exposure w ill necessarily 
be somewhat long, and, as a rule, when 
prolonged exposures have to be given, 
the colour of the imago is rarely very 
satisfactory, • 

In minting fly superposition, either 
diffusea daylight or artificial light — 


Vvrogallie acid .. 125 gr. 

Glacial acetic acid.. I oz. 

Citric acid .. .. lU gr. 

Water 1 0 oz. 

This solution had hotter bo made and 
I kept in a Florence ihi'>k,*-o that it can 
i he heated aud kept warm over a spirit 
j lamp when required for use. 

The exposed plate is first, pla cod in a 
dish of distilled water, heated to about 
150° F. until it has acquired that tem- 
perature. It is then remould, slightly 
drained, and flooded with the developing 
solution, which has previously been 
heated to about 150 — 140° F. Imme- 
diately before the solution is applied, it 
must have about d drops per oz. of a 
5 gr. solutiou of nitrate of silver added. 
If properly exposed, the image will 
quickly appear, and by the way it 
comes out it may be judged if the 
2 
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exp< n* lias rightly timed or nut, j 
.similarly as in the doxclnpmen 
jil.ifes by .inv oilier proven. A> 
liliih au* so \ery linn mil transparent, 
the density ot* tin* image eiu ci-ilv 
be judged of l»y transmitted light. It 
is always ht*r>t to err ell the side of 
under tlnn over-density, hee ms.*, in the 
latter ease, l lie slides will uixxaxs 
ii|ij»e ir dense and heavy on the screen ; 
w h«*reas 1 1’ they he slightly t iiin it iun\ , to 
some extent, he reine lied in the tuning. 
As a guide m tin* development, it may 
h«» home in mind that the more hilly 
the plates are expos* i and tin; lnoie 
npidlv they are <le\ elope 1, as also the 
less silver employ I in t!n‘ developer, 
the warmer will he the colour of tin* 
image; while t lie slower the develop- 
ment, either fiom the solution being 
cold or the plate under-expose 1, or if 
too much silxei he used, the more the 
picture will approach an olive-brown 
tone. 

As the development prod cds tin* 
plate must l>e carefully watched for 
stains or fog. If any appeir, the plate 
must at once he waslie l un ler tin- tap, 
and the siirl'a* e nihhed with a plclgct 
of cotton wool, which will re mow* 
them. The develojnnent can then he 
recommenced with a fresh hatch of 
solution and silver, repeating the treat- 
ment with the cotton wool if found 
necessary. When the development is 
complete, the plate mud. he thoroughly 
washed under the tap to remove all 
traces of the pyrngallic acid, which, if 
allowed to repiain, would ten 1 to in jure 
the toning hath. 

The plate is now ready for fixing and 
toning. This is usually done in one 
bath, which is made as ltd lows : - -J 11). 
hyposulphite of soda is dissolved in 
£ pint water; then •> gr. of chloride of 
gold, dissolved in ‘J oz. water, is added 
very gradually, and with vigorous stir- 
ring. A fter standing 12 hours and being 
filtejyl it is ready for use. Jt is then 
placed in a Hat. dish and the plate is 
immersed. The iodide is quickly dis- 
solved out, but the toning proceeds 
slowly — £-J hour or more being fre- 
quently required to obtain deep, rich 


tones, llut much depends upon tj 
r and density of the image at 
rting. When the doMiod tone is 
obtain**-!, tin* plate is well washed under 
the tap. and allerwai ds soaked in plenty 
of xx ater. and again rinsed to ensure the 
entire removal of all traces of the hx po. 
Indoe 1, as milch care should be be-’ 
stowe l on this part of the operation as 
in tin* case of gelatine negatixes, in 
ord**r to ensure peimanenov. 

Alkaline gold toning (after fixing in 
plain hyposulphite and thoroughly 
washing) may )>-■ employed instead of 
the double fixing and toning hath: hut. 
the colour obtained lias not been so 
i satisfaitory as hy the method just 
describe I, which is that used hy Terrier 
and Soulier, (/*Y<7. JL I’fvttHf,') 

' ( f). \\v contact printing. This is 

capable of piodmmg slid s equal in 
, quality to any other mode of prepara- 
' turn that an amateur, or one who 
| not make a specialty of Mjjrh Volk. 

! can produce, and is at the same lime so 
, simple that any ordinary amateur can 
obtain satisfactory results. 

Jn the first, place, no dark room is 
required, as the emulsion rail be prej, 
pared by gaslight, and no mere care is 
required than in the preparation and 
printing of ulhuiiieniscd paper. No 
washing of the emulsion is necessary; 
indeed, as far ns the; brilliancy of the 
slide is concerned, it. is a disadvantage. 
One rail see how the piiijjting of the 
j slide is going on as well as if it were 
an ordinary alhuineniscd paper print: 
and the latter is the greatest gain of 
all, because we do nwnyvwith the un- 
certainties of the blind processes, i. e., 
anv process in which light forms an 
invisible imago requiring development. 

To A. L. Henderson is due the credit 
of proposing the addition of 4 acetate t 
I, each of the citrate and chloride salts. 
From some experiments he exhibited, 1 
at once thought, he. had found a process 
suitable for the prodhetiou of lantern 
slides. After a few experiments, I 
decided to do away with the citrate 
because of the cold tones it gave, aud 
because 1 could not cbtain the same 
brilliancy and range of tones is when 
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I used acetate anil chloride of silver 
only. 

So far, I have obtained the most, 
satisfactory results by producing a tine 
sepia tone with the following formula. 
There is hardly anything, perhaps in 
which the taste of diilerent piteous 
# varies so mmh as in the tout' of a 
lantern slide For myself, 1 much 
prefer a warm sepia tone to the cold | 
black or purple tones, lint almost any * 
color can h<* got from red through the 
brown shades to ] urple. The sodium 
chloride coin cits about 1 1 1 <»t tin* 28 gr. ■ 
of silver nitrate into silver chloride. 
3iy using a larger proportion of « blonde 
there is far less brilliancy, and I did , 
not. want to u.sr a larger amount <d j 
acetate than possible on account of it | 
being a more unstable salt, ami a large 
proportion Jiiight, a fleet tin* keeping 
qualities. j 

Vhave lint yet experimented m the • 
dilution having an cmcss of silver 
nitrate in the film. It. is quite possdde 
that we might increase the speed of , 
printing 1>\ so doing, and by adding a 
little citric acid make the plates keep , 
well, •the same as with alhuniemsc.i 1 
"paper. lint, we must, remember that ; 
we have a quantity of nitrate of soda j 
in the films, which probably aots the 
same as the free silver, because it was 
formerly used with silver nitrate to 
sensitisa allmmenised paper. , 

To pro pan* the emulsion, put in a 
small jam }>ot ; j 

Ciel at i lie* 40 gr. j 

Acetate of soda .. 8 ! 

Water • 2 nz. 

The gelatine is allowed to swell, and 
is then dissolved by standing the j im- 
pot in hot. water. 

In a test-tube or email bottle is 
dissolved : j 

** I 

silver nitrate .. 28 gr. j 

Distilled water .. 1 oz. ■ 

• 

Ibis is stood in the same hot water, | 
so as to be about the same temperature. 

When .the gelatine is thoroughly dis- 
solved, the nitrate of* silver solution is 
poured* into* the jam-pot iu a gentle 


stream, quickly stirring with a glass 
rod all the time. 

Into another test tube put: 

Chloride of sodium ... 4 gr. 

Acetate ot si diuiu .. 0 „ 

Water 1 oz. 

When dissolved, this is added to the 
above, the stiinng being continued. 

Meanwhile 2- i> •■/.. w at orris poujed en 
to 1«;«> gr. gelatine. Jn about \ hour 
the surplus water is poured off, and the 
gelatine n added to the emulsion ; the 
contents of the jam-pot are to be kept at 
about. l<Kf' ]’. until the whole of the 
gel.it me is dissolved. It is then put 
aside m the dai k for 24 hours to set. 

The details of iiltciing, coating the 
plates, piintmg, mil toning, 1 will go 
nto joou, and will now only refer to 
one <>r two points about the preparation 
of the emulsion. 1 gem rally use a 
Sw i^ gel.it ine, but licinickV or any 
good gelatine will do as well; indeed, 
this pun-ess does iMpitallv tor using up 
samples of gelatine which are not quite 
up to the mark h>i drv -plate work. As 
to the light, 1 prepare the emulsion and 
mat the plates by the light of a small 
pa ratlin lamp in perfect safety. 

I will now describe tin* mode of pre- 
paimg the plates punting, Ac. The 
jam-pot containing the emulsion is stood 
m hot water until the latter has tho- 
loughlv dissolved: .] oz. alcohol and 
sutlicieut. water is added to make the 
quantity lip to b oz. 

It n then filtered. For filtering, use 
a small paraflin lamp glass with the 
bottom edge turned uf (they can be 
bought at nn oil shop for about 2iL 
each). A piece of w ashleather or 4- or 
:» thick lie* ses of fine muslin is tied on 
tlie bottom of the lamp glass. The 
dissolved emulsion is poured in, and by 
blowing in at the top of the glass the 
emulsion runs rapidly through, and is 
then ready for mating the plates. 

To clean the plates, scrub them with 
a nail-brush and water in which f little 
washing soda has been dissolved ; they 
are then well rinsed in cold water, and 
stood up to dry in the racks. After 
they are dry, they arc just dusted with 
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apiece of clean washleatlicr and stacked 
in a heap. 

For coating such small plate*, the 
host way is with a small silver tea- 
spoon. A spoonful of the emulsion is 
poured on the centre of the plate, mid 
can be guided to the edges with the 
spoon if necessary. 

For amateurs or those not accustomed 
to plate coating, this is an important. I 
point, besides a measured quantity being j 
put. on each plate. When the cmuUion 
is poured from a small teapot or similar . 
article, it has to be put down and a 
glass rod taken up. While looking after 
these things the emulshm k meanwhile 
cooling, and perlups tunning olf the i 
edges of the plate, hut wirh the spoon 
the eyes need not he taken from the j 
pool of emulsion on the plate. 

For levelling the plate, after coating 1 
do not use a large glass or slate slab, ; 
hut have some .strip* of plate glass about ; 
ii ft. long and 2J in. wide; these are 1 
stood in rows on a level table or board. ! 
Suitable strips of glass can be got \cry i 
cheap at a glass-cutter’s, because au\ ' 
odd sizes from his snap heap will do. I 
When a large flat slab is used, if any ! 
finukion gets on the ha< k of the plates, . 
they stick to the slab, and in the dull 
liglit of the dark room, when coating ' 
rapid bromide plates, this sticking is a ! 
great mi i '.mice. With the strips of glass, : 
the plates cau he laid down on them , 
without the emulsion running off the , 
plates, and can he easily detached from 
them even if stuck a\ it h some emulsion j 
on the hacks. j 

The plates ape put aw ay to dry in the J 
usual way. 1 never find it necessary to | 
use heat when drying plates on a small | 
scale. My drying-box is in a room at j 
the top of the house, the fireplace of 
which is closed up. The outlet of the 
dning-box goes into the chimney, and 
gets a capital draught, keeping the 
vvindo\v in the room closed when drying 
plates. 

For^lhcso platen any one can easily 
make a temporary drying-box by stand- 
ing the racks on a shelf in the fire- 
grate, and covering a thick chilli over j 
the front of the fireplace in the same ] 


way as a sweep does when sweeping a 
chimney. Then place 12 or 15 little 
pieces of wood on the floor to form 
little inlets between them for the air to 
pass between the floor and the cloth; a 
piece of fine muslin thrown over the 
rack^ would keep any dust, &c., from 
the plate*. 

T<» print , the plates are put in a 
printing-frame against the negative, 
the same as a piece of albunionked 
paper. One can judge how deep to 
print by opening one-half of the print- 
ing frame hick, ant by looking down on 
the hack of the transparency ; when 
tlie whole of the high lights of the 
picture are just tinted, it will he 
printed deep enough. 

Fuming the plates with ammonia is a 
great improvement in every way. Do 
this by standing a lew of the plates 
against the sides uf a small box. Then 
pour a few drops of ammonia onnpiecgol 
blotting paper, put it in the bott.oip of 
the l»o\, which is closed fo‘i r a short 
time, and the plates are then ready for 
printing. 

The gr*at difficulty with these 
plate*., until recently, has been wit,hthe 
toning. '1 he action was not only slow, *» 
hut I could not. get tin* warm brown or 
sepia tones 1 was trying for. 1 tried a 
nmnbei of different, toning formulas, 
hut all had the same action, though 
some nleaehcd more than others. At 
last it. struck me that I lmd a slight, 
excess of acetate of soda in the film, so 
J tried the gold alone, and. then got the 
tones I wanted, and far more quickly. 
The formula was : — ( 

Chloride of gold .. 15 gr. 

Water (distilled) .. 35 dr. 

as the stock solution. 

In a clean developing dish 1 took of 
the 

Chloride of g<fhl 

solution.. .. 8 minims. 

Water 1 oz. 

Common whiting ‘2 — 15 gr. 

The plat.e was put into this toning- 
bafh, without washing, until the image 
had quite lost its red rftyonr, aijd W’us 
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then well washed and put into a bath 
of 


Hvposulphatc of soda 1 oz. 
Water 5 oz. 


for about. \T> minutes, and again well ' 

washed. j 

Lately I found I could tone the^dates ■ 
in about l- the time taken by tbc above ; 
bath, by adding acids to the gold before ■ 
neutralising with the whiting. Thu 
bath was made as follows : j 

Gold solution .. 8 minims. i 

Hydrochloric acid 2 ! 

Nitric acid .. ..X „ 1 

Water 1 oz. 


Whiting .. .. 2—.‘> gr. 


This bath toned the plate very 
rapidly and equally, but requires the 
plate to be rather more deeply printed 
than when the at ids are not used. 1 j 
have not had tune to trv any eompava- ; 
tiyj test with prints troin the same 
negative, as to which bath gives the 
best toifes and results, and can only 
speak now as tv the rapidity. It is 1 
better not to print in direct sunlight if 
the sun L at all warm, as tbc warmth 
sometimes causes the iilms to stick 
slightly. 

There arc two uses for these plates, 
besides lantern slides and transparent ies. j 
Ly printing less deeply and backing 1 
with tinted or drawing paper (film to j 
the paper), they do capitally for pro- i 
ducing photo-crayons. Hut for pro- | 
fossional photographer*, their great use 
will be in tl\p reproduction of negative'*, 
aa one can not only see how deep to 
print with both the transparency and 
the second* negative, but parts can be 
shaded during printing to get details in 
other parts which may he too dense in 
the original negative. 

It will he also seen, however, that 
any amount of “dodging ” can be done. 
The transparency «tean be retouched as 
required, any shadows which print too 
heavy can be (educed in the same way 
as too dense negatives are locally re- 
duced. Then we can do any amount of 
ioublc jprinting, printing in clouds, etc., 
>n the transparency# The name of the 
ne\v # can he* painted on it without 


having to reverse the letters. We can 
vignette or mask when printing from 
either the original negative or the 
transparency. In fact, we can build 
up, so to speak, the picture on the 
transparency as we loquirc it, because 
we can see what we are doing. And 
when it is perfect, we have only to 
print by contact a seiond or any 
number of negatives from it, which 
negatives can he printed fiom on to 
piper without, am tumble of vignetting, 
etc., for each separate piint. And to 
my mind, Henderson’s discovery of the 
use of acetate of silver with the chloride 
in the gelatine film for contact, printing 
will lead to very important results, in 
the aid it will he, practically, to photo- 
graphies m their even -day work. 
(II. S. Starnes.) 

( 'u/uiiriuif. — - (//) Hse transparent 
colours, namely, I’nisMan blue, gam- 
boge, carmine, verdigris, madder blown, 
indigo, ciimson lake, and ivory black, 
with the semi-transparent colours, raw 
and burnt sienna, and vandvkc and 
rappal brown, thinning oil colour* 
with ordinal y megilp to a degiee just 
sullicient for pioper working, and using 
for a medium for laving on the first 
roat of vv atev coining gelatine thoroughly 
dissolved and hot. When perfectly dry 
this coat can he shaded and finish** l 
with water colours mixed in the ordi- 
nary way with cold water ; hut the 
manipulation ol' the added colours must 
he gentle, so as not to disturb the layer 
first, put mi the glass. A thin coat id* the 
best mastic varnish heightens the c licet 
of shades painted in wafer colours, hut 
oil colours require no varnish. 

(Jf) Having failed in getting results 
to please myself by dabbing, stroking, 
and many other dodges, 1 have now 
succeeded in getting perfect gradation 
of tone by pouring on a filtered solution 
of colour, previously ground up with 
“medium,” in an agate mortar. Pour 
it on very dark at the top of the picture 
and How it down to the horizqp, then 
hack again slowly, and allow it to drain 
oft' at the edge ; when the proper depth 
is attained. Wot off the drainings from 
the edge; when dry, the outline of the 
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impart a knowledge of cloud-making 
altogether by precept, so I would 
recommend the pupil to purchase *a few 
well-painted slide-', and obsor\e the 
special mean', employed to obtain such 
effect', as are pi od need. The sk\ being 
completed, remove by means of die line 
stump all paint fimn tin 1 distant bills, 
trees, spire, and indeed from every 
portion of the picture except the sk\. 
If there arc distant liiountains, i nhnir 
them with crimson and raw sienna, or 
crimson and blue, according t«» their 
nature, keeping carefully to then' out- 
lines. Observe that no dabbing need be 
bad recourse to when painting the ie-d 
of the picture, unless it be a subject m 
which there is a smooth, unbiokeu 
portion, such as a lake or the sea. As 
this is supposed to give a reflet t lull ot 
the sk\, it must be painted in a similai 
manner. Observe, also, that every 
iwrtion of the picture must he painted 
*4rongcr # and ; n brighter tolnurs than 
would* be the case were it a small 
picture which was to lemaiu and In* 
viewed as such, because by magnifving 
a in. picture up to 12 ft. the colon is 
became attenuate*! by the net of enlarge* 
liirnf. ; ttierefore, the colours mav lie 


i purpose. H is m»t as if the painting 
; were being nude on than or traus- 
j parent glass. Here the foliage is com- 
i posed of shades more or b-ss dark, and, 

1 wh.it is (if importance also, of a tone 
1 that ma \ range anywhere between a 
i wann luddv brown and a cold black, 
according to the method adopted by the 
pilot ogi apher in toning. And this 
renders it impossible to sav definitely 
what pigments ought to he employed in 
painting them. It the foliage be sombre 
ami heavy, tin* gamboge should then 
predominate. This applies also t,o a 
grass lawn or meadow. All Mint will 
be required for the trunk of a tree will 
be to wain* it. up with burnt sienna. 
Well tin lined. (.!. .1. Houston,) 

(d) When preparing photographic 
tiansparem ies lbr colouring, do not 
treat them in precisely the same way 
as if intended to be used w it bout colour. 
If you examine a line didc, bv any well- 
known maker, embracing rural semen 
with much bdurge, it will be found 
that whmeus m natuie the foliage was 
green, of a in«»ro or h i ss hnght hue, in 
the photograph it is many shades 
darker than it should be, owing to the 
number and density of the atoms of 


strongly applied, in the certainty of 
their being toned down when projected 
*»n the screen. To return to the 
mountains; while the distance warm 
and ot a ruddy purple, keep t he shadow s 
cold, especially in the nearer ones. 
'When jointing the mountains avoid 
using the brush in such a way as to 
cause a ridge of paint to form an out- 
line, but. qf far Us possible wotk the 
brush from the margin inwards. l»y 
doing so the sky is left uiidrLurbcd. 
lhis also applies to tret's. For these a 
green is employed composed of gamboge 
and Prussian blue. This will answer 
for. the greater number of subjects in 
which there i.v, folfc&gc ; but the addition 
<d crimson lake will be necessary to 
obtain such warmth as that associated 
\wth autumnal tints. There are some 
specimens of foliage which may be 
fittingly coloured by lake and gamboge 
alone; but. a ^judicious mixture of tiie 
Cf>Jpgy$ meptipupd will serve eyery 


the silver composing the foliage, till' 
being the case to such an extent .is to 
prevent the green pigment from show- 
ing at all. 

This is quite a different, matter from 
painting a photograph on paper or 
porcelain, for, ill these the blackest 
shadows or heaviest foliage can be 
lighted up at pleasure by the use of 
opaque or body eoloufs, or by mixing 
a little Hake white with the transparent 
pigments which alone are applicable to 
transparency painting. l>ut if, in a 
transparency, lccourse were had to this 
procedure, it would make things w'orse 
than before, for the luminous equivalent 
of Hake white when applied to paper is, 
ina transparency, the thinning of the 
deposited silver so as to allow' more 
light to be transmitted, the tfhich of 
pure white light, given to form the 
highest, light m the one finding in the 
other its equivalent ill the complete 
removal of the image ]»y the Ilpedly 
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point or penknife, so as to leave nothing 
but. bare glass. 

To one who h is h.ul some experience 
both in making and colouring trans- 
parencies, it is not difficult to obtain 
the best class of photograph for receiv- 
ing colours with oiled, although it may 
prove ditlicult to descuhe the character- 
istic features of such photographs. ! 
Perhaps the best idea will he conveyed j 
by sa\mg that it ought to he »* out- 
lines,” and c\ on its outlines should not 
he too dense. A very brief exposure 
and rather long development allbrd the 
keynote to the nature of the manipu- 
lations requisite to secure the best 
cflect. 

Plates prepared by the old-fashioned 
tannin process, and developed b\ acid 
pvro and sill or. give an ellett pcculiai ly 
well adapted for receiving colour in 
the highc-t. style of the art; but the 
exposure must be short and the dc- 
vedopmont forced. When the picture 
is laid facedown on a sheet of white 
paper, the appearance presented should 
l>e that of a propel ly printed proof 
upon paper, while the intensity, when 
raised up and looked through, must, 
show a Millicieney of vigour. 

Having obtained a suitable trans- 
parent y, it must, next be varnished. 
Some years ago 1 adopted the use of a 
varninh coni posed of sandarao dissolved 
in methylated spirit. It gave a clear, 
bright film, ami both oil and water 


I have also employed, with the 
greatest degree of success, a solution of 
albumen composed of the white of an 
egg beaten up with twice its volume of 
water together with 10 drops of am- 
monia. After the frothy mass has 
settledi t lie clear liquid is poured off. 
To use it the transparency is flooded 
with the liquid, which is then drained 
oil' at one corner and the picture itn- 
nu'di itdv immersed in a tray of hot 
water, the temperature of which is hut 
little under the boiling point. This 
coagulates the albumen, leaving it not 
only of a glassy degree of brightness, 
but modified in such a manner as to 
render it unaffected by either water or 
oil paint*, while it is susceptible of the 
mo t delicate touche* of another class 
of pigment, which 1 shall describe 
before concluding. 

The question now arises : What chiss 
of colour is best for transparency print- 
ing — nil, water, or varnish ? Tlws 
cannot easily be answered; caVh has 
its own advocates. They are all good 
in their way, and there are some trans- 
parency artists who employ them all 
even in one picture. As oil pigments 
appear to enjoy the greatest amount of 
popularity, 1 will speak of them fir^t. 
Although nearly every dealer in lantern 
appliances keep, boxes of colours for 
sale, it will he advantageous, especially 
for the beginner, to purchase from 
artists' cidourmen, under their definite 


colours took to it nicely; hut I some- • name«, the various colours required, 
times had occasion — as every painter of | The} arc conveniently put up in tubes 
lantern slides will have to do inure nr 1 and are sold at a very low price — 4</. 
less frequently^! to pick out bits, ami ! and upwaid. It must alsp be noted 
put in, or rather take out, touches of ‘ that nly very few pigments can he 
high light hv means ot the needle-point. ! employed, owing to the paucity of such 
I found, however, to my ext rente dis- j as are quite transparent; hence the 
satisfaction, that the collodion lilm expenditure for an outfit is very small, 
would chip and break off round the For blue, j’rnssian blue forms the 
spot upon which 1 operated, and that if most useful among all the blue pig- 
1 drew fine lines by my scratch-point meats, and one can gt*t along very well 
they became jagged and broken. Being indeed without any other, although 
recommended t»> try white hard spirit there arc some subjects in which 
varnish* diluted with alcohol, I did so Payne's yrey comes in handy. There 
with a result even wor^e than before, are other transparent Id ues, such as 
Having read of the virtues of castor oil Chinese him * and cyanine blue ; hut the 


when added to a plain sandarao varnish, Prussian is susceptible of such easy 
I tried it with excellent effei l, modification by the admixture of others 
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that no other is really required. The 
best, yellows are f/ambuye, Italian pink , 
and yellow lake. There is but little 
ditlj?reneo between the two last, al- 
though the former of them is probably 
the more advantageous. The yandutye 
is useful for foliage, and it li 'i small 
proportion of Prussian blue terms a 
good green. Roth raw and burnt > ri< nun 
must he procured. The jormer is useful 
in the representation of light, dn, 
sandy earth, dry roads, and light - 
coloured houses; the latter is a very 
transparent brown of an orange tint. 
Roth V and *fhe brown and burnt rare 
useful, but much less so in a photo- 
graphic transparency than in other 
classes of wink, because any subjet t> 
which were of these tones in nature 
will be represented so very darkly in 
the photograph as to require scarcely 
ativ eolotmng at. all. ('rnnsmt lake and 
pjuk madder complete the list. The 
belter hv itseK dries very slowly, but 
by the •ad mi .tire iff megilp or mastic 
varnish its drwng quickened. This 
applies also to the Italian pink. A 
tube of lampblack., by which to render 
nnj^portiem more or less opaque; a tube 
of megilp, fur use as a vehicle; and a 
bottle of mastic varnish and pale 
drving-oil, together with a few Fable 
brushes, a palette, palctie-kmie, and 
large camel-hair blush complete the 
outiit. 

The most important piece of work in 
the painting of a lantern landscape 
being the .<^y, I close this aitide by 
J escribing how it. is done, premising that 
I do all mv painting upon a retouching 
desk, wliiA 1 find to answer this 
purpose rather better than the easels 
specially prepared for transparency 
painting. Let us imagine that the 

subject is a landscape, having about 
a sky, into which a tree, and a spire 
project upward. $lix on this palette a 
little burnt, sienna and pink madder, 
and having idyirged a brush with this, 
draw it in streaks across the sky a 
little above the horizon, and then 
laying down the brush dab it all over 
with the point of the first or second 
until # it presents a uniform 


appearance. Never mind the fact that 
this paint has been carried over the 
tree and the spire. ; it must be removed 
from them by a pointed piece of soft 
wood as the last operation of all. Next 
apply to the upper portion of the sky 
sonic Prussian blue, and in so doing 
remember that there is no use whatever 
in hoping or attempting to make it 
quite uniform by means of the brtodi 
alone. The tinner is the all-potent 
instrument. b\ which uniformity is 
secured, and “ dabbing ’* with it must, 
be had recourse to. J'ear m mind that 
the sky is of a deeper hue at. the zenith 
than near the horizon ; therefore let 
the dabbing be performed in such a 
| manner as to retain more of the paint 
i at the top, than lower down, the 
quantity being so attenuated by the 
time it defends to tin* warm layer 
already applied as to merge into it 
quite imperceptibly. The laying on of 
a unilorm coat seems very easy to the 
onlooker ; but it is only by dint of 
several Inals carefully made that 
success is attained. As the beginner 
will probably spoil several skies be fora 
he succeeds to his own satisloctinn, a 
soft pie«e of calico dipped in spirit id 
j turpentine will be a usclul aid to him 
! during his no\ mate. 

| To complete the blending of the 
J colours, and to obliterate the slight 
; textural markings arising from the 
roughness of the linger tip, is the 
I function of the large camel-hair brush 
already mentioned. It must, be whisked 
very lightly over the surface ; and, if 
cleverly done, all surface asperities will 
disappear, and the colouring look as if 
the glass were stained. Until the skv 
j presents such an appearance the forma- 
| lion of clouds must not be thought 
of. 

(c) The glass for the slides must be 
very carefully selected ; it should be 
plate glass cut to the size of the object 
glass in the magic lantern in which it is 
used. It must be entirely free from air 
bubbles, and streaks of any sort ; even 
the best plate glass has a rough and a 
smooth side, which can be found out by 
pacing the hand over it-: surface, and 
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bo detecting any niicvonnehs. As any ! 
irregularities will interfere \\ i 1 1 1 tin 1 ! 
smoothness of the colour to be laid on. j 
the Mnooth side of the glass must he 
carefully marked and used in all the 
plates. | 

A tint pahd te is a necessity for oil 
colours; hut for water colour*, a 
palette with a rim t<» k«*ep in the tints • 
is the best. A palette knife it required j 
for mixing together oils, colours, or j 
vanishes, hut is not wanted for waler 
colour si ides, except, to take out larger 
lights. A maul stick, to keep tin hand 
from touching the wet pointing, ran he j 
made by covering one end of a light but , 
firm cane with wool, so as to form a i 
round knob, and tightly binding the j 
woo] over with wash leather, notching a j 
groove in the cane to lender the binding ' 
string quit* set ure. J 

Kor brushes, 1 ed sable are br't, bein'* ! 
stronger in their hair than Ma< k sable i 
or camel-hair, and they have a Imner 
and finer point than < ilhcr of the others ; 
the brushes should b«i enclosed in llat 
tin, one of every (0) size. 

I bibbers are made by the amateur 
from round camel-hair brushes ; one 


71 . 
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of each of the G sizes are used. The 
points of'tlie round brushes must be cut 
off a s shown in Fig. 71, the dark lines 
show the part of the brush to be re- 
tained, the white space within the spots 
tfye pqrtion to be cut nwny. In order 


that the ends c ut should lie rounded, 
they must he burnt to shape, after 
cutting, by being held in the tlame of 
a candle. They must lie twisted and 
turned round an 1 round, so as to shape 
them to the proper form. When this is 
attaint*’, clean off the traces of burning 
fioin them by rubbing them well with 
the finest sand paper. 

the jdi |p painted, it requires 
to be mounted in a frame. These frames 
are male of wood ; mahogany is gene- 
rally seleitel. hut d*al will answer all 
the purpose. The three shapes for 
then* frames an s«juare, oblong, and 
round. Tne w'oo 1 should be about $ in. 
thick, and when* the glass is to lie 
inserted, the edge should he bevelled or 
have a rabbet t on one side, the glass 
should be slippel in on this side, and a 
tiny '•t.ei‘1 or brass inn lai l over it to 
Keep it, in its place. In choosing the 
wood for these frames, select only th»t 
which is pel feet in grain and, has 
kjiots. * 

Paint slides by lamp or candle-light, 
a>, being intended for exhibiting by 
artificial light, it will be seen at the 
time of pai’duug whether the ri^ht 
efleet ha, been produced. 

Commence operations by drawing a 
perfect outline of the picture on a piece 
of paper, which is laid under the glass 
as a guide. When a much larger 
pict ure than the size of the slide is to he 
copied, as long as the prominent features 
of the picture are seized upon, ’the effect 
is attained, and one or two* accessories 
will look better tliaua quantity crowded 
into a small space. ^ 

Should any inaccuracies be found 
when the outlining is finished, the 
colour can lie removed by the knife. 
When all the corrections are made, and 
the outlining is judged complete, it must 
he fixed to the glass by w ashing all over 
its surface a varnish* made of Canada 
balsam, diluted freely with turpentine. 
Having completed the otttlinc, fixed it 
with varnish and rubbed up the glass 
well, proceed to the second painting. 

Moonlight subjects can he rendered 
pleasing if the appearam? Is given of 
tho clouds moving, or rather saHinjppast 
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l ho moon. This is managed hv haxing I 
two J lift O'* of gla^s where tlio ■'k V I'. . 
painted. The* wooden frame will base i 
In he double on one .side, to contain tin* , 
fixed piece nt glass, and t lit* otlici to 
form a gioovc tor the lnoxabh* piece 
to rest on. Upon the fixed g?ns> tin* 
moon is painted and a light sky without 
clouds. Tl»e nu»\ aid** |)Um e ot glus*. is 
onlv a 11:11 row strip, just sullicient 1o 
hold 1 lie* < loads. Fleecy and dark 
clouds should be painted upon it in sin h 
a manner as sometimes to allow the 
moon to hi* leehlv n-ihle, at ether,-, 
partly or completely ohscur««l. Make 
these ctnuds as unlike each other as the 
nanow strip they are on will allow. 
I’o not leave laigo spaces in between, 
and ht, the strip they are painted on he 
t>l a good length, mi as to j, r i\ c greater 
Variety. Have a tlnn piece ol wool 
fixed to the end of the strip, to serve as 
unbundle, and when the slide is being 
Achibiti^l ins* rt tlie strip of gla-s, and 
push it slow ly along. 


not revolving, and is particularly useful 
for comic slides. Thus a dog killing a 
rat is depicted in the act hy using the 
lever slide. Faint the dog with tlie 
< veeption of his head ami neck, and all 
the leijuisite Minoundiisgs. upon the 
fixed glass, and upon the movable one 
ids head ami neck with the rat in his 
jaws. When fixing tin* slide in the 
lantern he rare fill that the licek on one 
glass is <j lilt e jollied to the shoulders oil 
the other, and that tin* eidouiiug oi the 
annual is e.xai t ly similar on both glasses, 
liv working the lever up and down, n-> 
shown 1>\ the dotted Inns iii the figure, 
the head an l ne« k of tlie dog will lie in 
motion, and the rat will look as if it 
w ei e bi ing \x ell sli iken. (A?'tit>tic 
Amu>i‘ni< w/.s ) 

Elect ntes. (Hi. fis-uni.) 

Batteries. — Amidst the enormous 
advanee.s made in tin* pint Heal applha- 
t lolls of eleitii'ity during tin- last 1(1 



This is only an amateur contrivance, I 1*2 years, the galxanic battery occupies 
but will answer several purposes, espe- ! almost exactly the same position as a 
daily whenever s„me small objects are generator of electricity that, it did at 
required to move straight along and tin* beginning ot that period. I his state 
disappear, xvhile the larger part of the of things is certainly not due to a lack 
picture remains stationary. A ship as ' of interest or want, of investigation, for 
in full sail can be drawn across a sea- j although the professional invifitoi and 
piece by this contrivance. most of those w ho look to electricity for 

Fig*7‘2, known as the lever slide, is their livelihood have turned their 
used when ^10 motion of the movable attention to fields offering more immedi- 
ate*^ of glass is to be up and down, and ate returns for their labours, there are 
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probably very few amateur electricians I they have a strong tendency to combine, 
who have, not at one time or another j it will be large ; but if they only unite 
dabbled in the sub|ccl in the hopes «d‘ ■ with dillicultv, and under the most 


making some discovery which would 
bring hot li lame and fortune. 


fax ourablt* 


small. 


cin umxt.»nce->, it will I>e 
To bit'.ik up a chemical com- 


On the other band, it cannot be said ' pound ^nto it* constituent substances or 
that the subject is n«»t a promising one, ; * k clement will require t lie expenditure 


for the bioad idea of the dim*! coiiver- ; of exact l v as miuh ciiorgv as was 


sion of chemical into electrical em-rgv ' liberated bv those element <> wl 


covers man) jmsMlulities, as do« s tnc tuning, s»» tint if a substance leaves a 
kindled oio* oi t in* ei inversion ei beat compound of wbuh it. tnrnis p.irt in 
into ehitin .il «‘iu rgv tbioiigii the order to i omhine with mhiic olloTMib- 


lncdmm of electrical oiiergv, an I any stance fur wlmh ll ha:, a greater 
real advance m eitherot these dire* turn-* alhintv, tin* icsultant amount of eneigy 
must be ot the must widcspie.id impel*- , set free will he the ditlcreiice between 
taucc. i these tw* a'tiuns. 4 . The greater 


Tiie gie.it iuult in lallicr a tin .dilee- 1 
tion than a lack of energy, winch often ; 
seems to la.* due to an entire ignorance j 
of, or f.tiluie to giasp, fundamental J 
piiiiciplc*', and consequently both time | 
ami money, tli.it might have produced j 
some good results if exp* tided in the j 
right dim tion, are wasted in attempting j 
to aeromplish the. impossible; and, 
although he n it m ally fails in the 
endeavour, the inventor often manages 
to poisiiade both himself an! other 
people that, he has actually aihieved 
•success; in fact, those who an* Mitlering 
from what has hem aptly termed the 
“ primary -hat tery disease," can only he 
classed with such paradox ist> as the 
Hat-earth theorists, the .substantial 
philosophers, and the perpetual motion- 
ihts. 

To make any Mibstantial progress one 
must give U]> nnging the changes on 
mil plume, versts hydrochloric acid, 
bichromate of potash versus chromic 
acid, nitrate of soda versus nitric acid, 
and go and strike out on more original 
lines, but always remembering that all 
battery phenomena take place in strict 
accordance with the laws of chemical 
combination and the conservation of 
energy. Some of these may briefly be 
put us follows: — 1 . Whenever two or 
more substances combine chemically, 
they liberate a certain amount of 
energy, which is called the energy of 
chemical combination. 2 . The amount 
of energy liberated depends on the 
chemical atliuity between them# If 


poll mu of the eu* rgv freed by chemical 
combination usually takes the form of 
heat, and raises the temperature of the 
bodies concerned to a greater or less 
degree. 

The lamiliar phenomena of “burning” 
or combustion ” oiler us the most im- 
portant example of the above Ta/vs that 
can he selected ; for, ’besides being the 
met hod mover-ally employed for obtain- 
ing both In at and light, it is at present 
almost the only known means of^ro- 
diaing uicilianical energy artificially 
and on a large scale. Here such 
substances a> wood and coal, wlihli are 
compounds consisting principally of 
hxdrogcu an l carbon (“ hydrocarbons 1 *), 
<•01111)111** xx itli Inc oxygen of the air to 
j form <arbnn dioxide (O >„) and water 
(ILO). The <*hemical allinity of carbon 
I and hydrogen for each other is small, 

, while both have a strong affinity for 
oxygen; consequently but. little energy 
isabsoibed in bnnking up ^he original 
<onipouiid, and there is a tremendous 
generation of beat which maintains t lie 
burning substances at a temperature 
suflicient for the emission of both radiant 
heat and light in large quantities, 
j although the main potliou of the energy 
I pa'sc*-; oll iii the hot. gases. ** Hosting ” or 
“oxidation** is auothcy t well-known 
example of the same nature, but metals 
take the place of the hydrogen and 
carbon, and the action is ordinarily so 
extremely slow that the beat generated 
in the process is dissipated into the air 
and neighbouring bodies long bclfSre it 
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can produce any perceptible rise of I 
temperature, and there* is # nothiug there- 
fore to suggest ** combustion” in the ' 
ordinary sense of the word. 

As already implied, a galvanic «»r 
voltaic cell (also termed “battery,” 
although, strictly speaking, t hi^ wmd 
should only he used in relemice to a 
number of individual tells) i* event mil 
an apparatus for the dinct coiuersm 
of the energy of « lu um a! i oiuhniatm 


this condition, although certain forms 
(not of much practical use) dj so theo- 
retically; hut in the greater number the 
energy utilised elect rii all y does not, and 
cannot, exceed 4<> to pn p t .j* rent, of the 
total amount : and it i.s important, to 
reiuemher that tin* electiomotive force 
of a u ll. when fleshly set up, utlbrd.s a 
dnvt t indn at ion of tiie utmost pen ent- 
age that t ould he so Utilised, piovidel 

lllflf well- I • o In', os due 1 0 ** hu al 


into elect rieal eueiey instead of int 
heat. In almost all’batterie , at j>r« *ent 
of any practnal \aluc, the eleetiu.il 
energy is obtained by the combination 
of /mo with sulplumc and t>> h»rm 
Milphatc of zim m, a. it may he 
termed, the “ combustion '* of zme in 
.sulphuric acid. 

livery gram of /.me con\ cited into 
zinc sulphate in tins way mus tiec a 


a< turn ” and “ polarimt ion.” 

It iui' b»*<n d^tm mined from tlieoieti- 
• al < oiisidor.it ions tli.it t he elect 1 omot i\ e 
tone of /.im* combining with .■** >, to 
form ZnS*>, ) s i2 • :*m wilt*, and the 
nearer the h.M.F. of any given cell to 
this Milne the greater is its possible 
cllieieiicy ~ m other w ords. t he ma\mumi 
energy tliat < an he utilised electiicully : 
the total energy liberated hv the 


fixed and delmite amount of energy , a 
pfiH of which is absorbed in other 
cRemie^l* changes taking place at the 
same tune, while under ordinal y circum- 
stances the remainder appear* as heat, 
and indicate* its presence by lading the 
temperature of the liquid. If, howe\.-i, 
a piece of copper i.s placed in the acid 
with the zinc, and the tw o are connected 


/me: : the L.M.F. of the cell: k 2*.‘)b. 
For a I>aniell cell this ratio will be 
1 *i»S 

, or 4’> per cent ; for a liunsen 

l J * d* » 

1 *s 

cell - , for 75 per ecu*.; lor a bi- 
ll •;»»> 1 

■j 

chi ornate cell or So per cent., and 


by a wire outside the liquid, the latter i so on. ’I’o a< count for the remainder of 
portion of the energy shows itself a^ a the energy we must look a little closer 
current of electricity passing through j into tin chemical change* taking place 
the acid from the /.me to the topper, j m tin 


and hack again by the connectiug-v. ire ; 
but the point which we wish to em- 
phasise i.s that, no matter in what form 
the energy may he present, whether it 
remains as chemical energy, whether it 
is directly Converted into heat in the 
liquid, whether it appear* as electricity 
(being afterwards reduced to heat part ly 
in the cell, and partly in the outside 
wire), or whether, as is most usual, it 


/me can only combine with sulphuric 
acid by liberating an equivalent amount 
(chemically sp«aking) of hydr„... 
thus Zn -j- I1«S< ) 4 — ZnS(> 4 4 H 2 i au d 
just as zinc gives jjp energy and 
generate* an electromotive force, so 
hydrogen absorbs energy, hut in lesser 
amount, when set. free from the com- 
bination, generating at tin* same time a 
“ hai k M or negative elect romotive force 


s div idl'd in a a ary mg proportion be- 
tween all the thifc'e, the total amount 
available is in each case precisely the 
same, and it follows, therefore, that the 
quantity of electricity to bn obtained by 
the consumption of a given weight of 
zinc is strictly limited, the maximum 
output ‘being roaches l when the whole 
..of the energy takes this form. As a 
matttr of fact, no cell absolutely realises 


of about 1*-U> volt; consequently the 
resultant K.M.F. of the cell Ls only the 
difference ofthe.se two actions, or about 
\) volt f2*;ll - and the rest of 

the energy passes away in the ^scaping 
gas. it', however, some material i.s 
provided for which the hydrogen has a 
strong ailiuity, and with which it can 
re-combine, once more yielding up the 
whole or a portion of its potential energy 
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the E.M.F. of 4 ho cell will ho increased 
in proportion, and this is one ot tins 
rhiof objects accomplished by tin- depo- 
larising llui<l. in the Daniel coll, with 
a solution of topper mu lph.it f for tin- 
** (lojiohinsor,” tin* hvdrogen displaced 
hv the zinc in it* turn displaces the 
copper - thus, CuSO, + IE. ~ H^SUj-h 
< 'ii, tlio niotal being deposited oil the 
negative pole; hut tin* actual gam ot 
K M.F. j> lmt \ i * i v large, because tin* 
greater portion of the energy ich-ased 
hv the h \ dro^cii absorbed hv the 
libel ated c»i].per, which h,i" uo.irh a-> 
st imho an admit \ hu* S< > t .is t lie in >!i ogen 
irheli. and cKri t - a h.u k 1 .M.F. of I * Jh 
\olt. Toe li'siiltant E.M.F. of tn • cells 
is now made up as follow s - * .I*» — 

I ■ 4» ; -{' 1 • lli — 1 * J.‘», tin* two liil Id i>‘ 
figures lepicsenting tin* hhej.ition and ! 
roc omhin.ition of the lndrogen to hum 
sulphuric aud, of course, neutralhe 
each other and cancel out, leaving ! 
li * *>d —1 jr> = 1*1 \ <dt a ppi oxiin.it el \ , 
which means that more than half of 


1 (1’bO..) — wo have a coinhinatioii which 
| gives an E.M.F. of2*‘»<» volts, showing 
that it is possible for this cell to utilise 
the w hide of the energy electrically. As 
with the otlu-r depokiriscis, hydrogen 
abstracts oxygen from thy peroxide, 
red inn he it to FbO, which combines w ltli 
the sulphuric acid to form lead sulphate 
— 1M.U„ 4 IU- 1*1/1 + 1I..O and FbO 4- 
ll r sn | ^lM»>o, 4- 11.0. 

■ Mauv kinds <»f /inc-rommning bat- 
tel n*s lull e long heeu Used foj* working 
(deetlic toleeiuplis, lulls, telephones, 
and other similar apparatus; hut none 
of them has ever been .successfully 
apple ! to the production of electricity 
i oiiMiitM eialK and on a large .scale for 
tin- pm po.es of electro -lighting, motor- 
din mg. Ac. The crioat dillicult \ in thy 
wav is that of cost. As long as small 
i urreiits only are required, the expense 
ot tie* material consumed in generating 
them is a relatively small one, and dies 
not need much consideration, 'specially 
wh(*n. as is often the « ase, there are no 


the energy of the dissolve 1 zinc has 
meivh been traiisfeired to the deposited 
copper. 

'fhe action of the depolarizer in the 
tlrove, Jlunsui, and bichromate cells, 
including tlieir vai ions modifications, i>, 
from our present point of u^w, very 
jiint ii in. ..I. \ » . i . • , hut a- the 

ciiemhal changes an* more r (implicated, 
and their exat t nature uncei tam, they > 
ciniiot he follow cl witii the same 
prei iston as those m a l>aniel cell. In 
every < use, however, tin* liberated 
hvdrogen abstracts o\\gcn from the 
dejwdariser to form wut-T, nitric acid 
being broken ujj into oxide of nitrogen, 
an 1 chromic acid being reduced m the 
.same way to oxide of chromium, which 
combine with the sulphuric acid present 
to form sulphate of chromium ; but 
very little energy is absnibel in cilia t.- 
ing these decompositions, and most of 
the energy of the hydrogen is returned 
to the circuit, which accounts for the 
high E&I.F. of flic cells. 

If a zinc plate is placed in dilute 
sulphuric acid with the positive plate of 
an ordinary lead accumulator — that is, 
a lead plate covered with lead peroxide 


. otlur means of accomplishing the object 
j in view; hut ns a method of producing 
elect i ii al energy in (pi.iutity, batteries 
haw* to compete with other and ehiuper 
wavs of gainm tin: end. For 

m* tarns*, zinc is a far more expensive 
fuel than <oal. although the potential 
energv of the latter has first, to be con- 
verted into mechanical energy in a 
stt ani-cngiuc, and then into elei tricity 
by a dynamo, while the former ell acts 
the conversion at one step. 

The amount of zinc consumed in pro- 
ducing an electrical hoise-povver (740 

watts) for one hour - — lV (E repre- 

h 

sents the working E.M.F. of one cell) 
supposing then* were no loss by local 
ctnm. If the battery wert generating 
the full E.M.F. that, is theoretically 
possible, namely, *2*dG volts per cell, 
2 

this would give ) -- t - = *8f>lb., and, 

although it is improbable that the 
terminal E.M.F. of any battery would, 
when at work, much exceed 2 \*olts per 
cell, as some loss due t»' the internal^ 
resistance must take place, wee will 
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assume that. 1 his minimum figure can 
be attained ; then, zinc costing 3 d. per 
11>., an electrical horse-power hour 
Would cost 2 \d. for zinc alone. 

Now, the mmhiistion nt'llh. of coal 
generates at least five times as much 
energy as Uh. of ?iue. On theVtlnr 
hand, a steam-engine w ill only convert 
10 j.er cent., or about one-tenth of this 
into inechnnu.nl \\ urk, consequently, the 
energy to be obtained trom lib. ot coal 

r» 

burned in a steam-engine is — — ■3, or 

lo 

one-half of that to be obtained from 
lib. of zinc consumed in a battery. In 
other words, 21b. of coal will be required 
to produce one horse-power hour, whbh 
agrees with the results actually obtained 
from good engines working under 
favourable condit ions. 

Reckoning mat at 10s. per ton, 21b. 
costs *(£., which will be the cost of the 
material used to obtain one lnceltanital 
hol’se-pojv^r hour in this way, and if 
this is transformed into electricity by 
means of a dynamo, the cost of an 
electrical hor>e-power hour may be put 
at a Jr/., which will allow' ample margin 
*to c«iver the losses of this second con- 
version. 

The relative cost, then fore, of energy 
produced from zinc and from coal is as 
2 },d. to Jr/., or as 10 to 1, and this with- 
out making any allowance for the ex- 
pense of the exciting fluid aiui thedepola- 
riser, which would cost, at least as much 
again as the zinc itself. (E. J. Wade.) 

TIhj statements which have been re- 
cently made in the daily papers as to 
the effects produced by the use of 
primary batteries in lighting railway 
carriages have brought many queries, 
not a few from persons who appear to 
imagine that the cost of lighting by 
that means is measured by the first 
cost of the bnttory and the lamps. 
Most schoolboys have nowadays learned 
the simple lesson that out *»f nothing, 
nothing comes ; but judging by some 
of the paragraphs in daily papers, it is 
perhaps excusable that not a few of our 
.querists should imagine that something 
Vxemarkably thftnp has been discovered, 
f and tlftt they can have the electric 


light at a merely nominal cost. Wc 
have recently pointed out. not once 
merely, but several times, that an elec- 
tric light obtained from any known 
battery is really expensive as com pa led 
with the same amount of illumination 
obtained from gas or other cheap source 
of light, and that there is no hope of 
red m mg the expense until someone 
decoders a batten the decomposition of 
the element*, of which will produce a 
substance or substances who h shall be 
woith at least as much as the raw 
materials themselves. We have, from 
time to time, described cells or battery 
arrangements, patented and otherwise, 
the inventors of which thought they 
had made one step towards the desired 
goal; but at present, notwithstanding 
nil the putting, we are unacquainted 
with any battery which, all things con- 
sidered, is cheaper than the well-known 
combination of zinc and carbon excited 
by dilute sulphuric acid and bichro- 
mate <d' potash or nitric acid. For 
hells, telephones, and telegraphs, 
electro-metallurgv and medical pur- 
poses. other arrangements are more 
suitable; but in the case of electric 
lighting and electro-motors, a constant, 
and ample supply of energy to the full 
capacity of the battery is required, and 
at present we have not found a cheaper 
metal to oxidise or consume than zinc. 
This is an old tale. It. must be quite 
40 years since Staite took out a patent, 
in which the commercial value of the 
residual products was mentioned, and 
latterly we have hail, several inven- 
tors taking up the old idea, without, 
however, demonstrating by actual re- 
ceipts that they obtained any return 
worth mentioning for the zinc and 
sulphuric acid expended. Probably if 
primary batteries came to be used on a 
very large scale indeed, a sufliciont 
quantity of residual products might be 
obtained to find a ready sale ; but it is 
extremely doubtful whither moiy than 
a fraction of the prime cost would be 
recouped, unless the battery can be in- 
duced to manufacture some unknown 
and really valuable substance whilst 
giving out current. In one of the new 

K 
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batteries, which is, wc believe, working 
very well on several railways, lighting 
carriages with lamps of 5 to 10 r.mdle- 
power, zinc ami carbon form the two 
elements, ami the battery i'' excited bv 
a composition named 4< ovidoae,** the j 
exact. nature of which is kept secret 
until tlie patents are completed. The j 
working cost of this battery is .statid j 
to be a> low as J7. per hour for each ! 
f>-candle lamp, and a battery of 10 j 
cells will supply IS lamps and can be 
charged for 40 hours — that is, the 
battery can be used for 10 hours, on 
each of 4 daws without needing to be 
recharged. Taking bailouts as we [ 
know them in practice, such a result as J 
that must he regarded ns Aery good j 
indeed; but if the cost has been armed ! 
at by allowing for the sale of the \ 
residual products it w ill at nice be seen 
that the battery is not so cheap as a i 
good steam-engine ami dynamo, for | 
when current is obtained by the ovula- 
tion of zinc the ro*4 i s about. 9 times 
greater than when a machine is used, 
and the source of the energy is coal at 
about 20 s. a ton. Sprague worked out j 
this little sum for the benefit of all j 
whom it concerns some years ago, and ; 
he found that taking the expense of the 
battery as only 4*/. per lb. of zinc, the 
cost of a horse-power for 24 hours was 
2.5s., whereas the same amount of 
energy oouhl he obtained from a com- 
mon steam-engine and coal at 2<K for 
10*297. Even if we suppose the l'e- 
siilual products of any battery in which 
zinc is employed return 2 7. for every 

lb. consumed— and no one lias supposed 
that possible amongst tin; most san- 
guine inveutors — it will be seen that 
the common steam engine has still the 
advantage as a motive power. Elec- 
trical machines have been considerably 
improved since Joule calculated that 
75 lb. of zinc would be necessary for one 
to maintain 1 h.p. for 24 hours; but 
so ]*ivc steam-engines, and, therefore, 
we are brought back to the rumple 
datum that the oxidation of zinc can 
produce so much and no more energy, 
and that unless some one can be found 
to pay a high price for sulphate of zinc 


there is no chance of any of the well- 
known cells in which it. is consumed 
hemming a cheap source of electric 
light. It. seems abundantly clear, from 
a number of experiments, that the 
mo^t that can lie expected from the 
best, steam-engines and dynamos id 
200 caudles of incandescent lighting per' 
h.p ; and as it is also tolerably ap- 
parent. that 2 lb. of zinc are necessary 
to obtain the same quantity of energy, 
wc have bd. as compared v\ ith J7. as 
the relative cost of the t w o sources of 
energy for electric lighting. It is not 
impossible that these figures are too 
favourable to the battery, lbr Sprague 
says that the cost of an equivult of 
energy by a common steam-engine, is 
only ’001127., while by a OanielPs 
battery it. is ’05417. Then* is this to 
be *-aid, however, that even if the cost of 
working a 20-< audio lamp is as much 
as \d. per hour, there are many per- 
sons who would prefer it to 0 rgns or any 
other illuminaut : and if the new bat- 
teries can he made to produce a really 
useful substance as a residual, the 
trouble and attention they may entail 
as ill not stand in the way of thek* 
adoption. So far as we know, n 20- 
c. indie light cannot be maintained xit a 
cost of |7. per hour, even when the 
zinc and the acid can be purchased in 
quantities at the lowest price ; but if 
a battery is in existence which will yield 
such results, it is a pity those who own 
it do not make it kno\vn, for it, is cer- 
tain they would have a very wide sale, 
provided they could guarantee its per- 
formance. At the price 1 Sunned it. would 
be too costly for lighting on the large 
scale; but there are very many per- 
sons w r ho would go to the expense of 
fitting up the battery and the lamp if 
they could have a light of 20 candles 
at xi cost of ’7f an hour. Possibly 
before long some one may invent an 
iron or a lead battery, and then those 
who are so anxious to have the electric 
light Avill probably have an opportu- 
nity of gratifying their desii;es ; as, in- 
deed, they may now, if only they avg 
prepared to pay for* fhein. llut'-f> 
long as zinc is used there *is small 
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chance of primary batteries supplant* 
ing dynamos and steam - engines. 
(An//. Meek.) 

Axo , — Ttye Axo battery, constructed 
by the l.cclanrhe Battery Co., of 
America, is an improved ” furyi of 
I.eclaneho, intended to overcome some 
of the defects of batteries of the 
porous cup class. The porous cup 
has a flange winch rests on the rim of 
the jar ami forms of itself a cover for 
the cell. The zinc passes through an in- 
dependent aperture of its own in the 
shoulder of the jar. The carbon con- 
ductor has inclined sides, increasing in 
size from the top to the bottom. Bv 
gravitation, therefore, the particles of 
the surrounding mixture are always in 
perfect and continuous electrical con- 
tact with its surface. The carbon 
itself is provided with ventilating 
grooves extending along it> sides, by 
whifch it is much more readily relieved 
of # the tyfbldes of gas which form on 
its surface and retard the electric 
action, than by the holes usually run 
through the seal and into the 
mixture. The well-known lead cap 
»of tne carbon is dispensed with, and 
in its place is used a thimble with 
thumbscrew, which can be slipped 
off and replaced in n moment. The 
battery wire passes through a small 
hole in the top of the thimble, and 
into a recess m the carbon, against 
which it is clamped by the thumb- 
screw. 

Bichromate piles, especially those 
single liquid ones that are applied to 
domestic lighting, all present the 
grave defect of consuming almost as 
much zinc in open as in closed circuit, 
and of becoming rapidly exhausted if 
care be not taken to remove the zinc 
from the liquid when the battery is 
not in use. This operation, which is a 
purely mechanical one, has hitherto 
required the pile to be located near the 
place where it *was to be used, or to 
have at one’s disposal a system of 
mechanic^? transmission that was com- 
plicated and not very* ornamental. In 
wder to dd "Way with this incon- 
venience, which is inherent to all bi- 


chromate piles, Mareschal has invented 
and had constructed an ingenious system 
that consists in suspending the frame 
that carries ail the battery zincs from 
the iwtiemity of a horizontal beam, 
and balancing them by means of 
weights at the other extremity. The 
system, being balanced, the lifting or 
immersion of the zincs then only re- 
quires a slight mechanical power, such 
as may be obtained fiom an ordinary 
kitchen jack, through a combination 
that will be readily understood upon 
leference to Eig. 7 ‘Ja. The axis M of 
the jack, on revolving, lanies along a 
clank Id D, to which is fixed a con- 
necting-rod A, w hose other extremity 
is attached to the horizontal beam 
that supports the zincs and counter- 
poises. If the axle id be given a con- 
tinuous revolution, it will communi- 
cate to the rod A an upward and 
downward motion that will be trans- 
mitted to the beam and produce an 
alternate immersion and emersion of the 
zincs. 

Upon stopping the jack at certain 
properly selected positions of the lod 
Ml), the zincs may, at will, be kept 
immersed m the liquids, or rice vend. 
Tins is brought about in the follow- 
ing way: The jack carries along in 
its motion a hoiizontal fly-wheel V, 
against whose rim there bears ail iron 
shoe F, placed opposite nu electro- 
magnet E. In the ordinary position, 
this shoe, which is fixed to a spring, 
bears against the felly of the wheel 
and stops the jack tlyough friction. 
When a current is sent into the 
electro-magnet E, the brake shoe K is 
attracted, leaves the fly-wheel, and 
sets free the jack, which continues to 
revolve until the current ceases to pass 
into the electro. 

The problem, then, is reduced to 
sending a current into the electro and 
in shutting it off at the projier mo- 
ment. This result is obtained very 
simply by means of an auxiliary Lc- 
clanche pile (the piles got up for house 
bells will answer). The current from 
this pile is cut off from the electro F 
by mcaus of a button B when it is 
K 2 
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tlesirod to light or extinguish the lamps. 
In a position of rest, for example, the 
crank M 1) is vertical, as shown in the 
diagram to the right in Fig 7-a. The 
circuit is open between M and N 
through the effect of the small rod 


Ili.v, 



C, which separates the spring It from 
the spring IF. As soon as the cirt uit 
lias been closed, he it only for an in- 
stant, the crank leaven its vertical 
position, the rod (' quits the bend S, 
and the spring IJ, by virtue of its 
elasticity, touches the spring IF, and 
continues its contact until the crank 
M I) having made a half revolution, the 
rod (I repulses the spring U, and breaks 
the circuit anew. The brake then acts, 
and the crunk stops after making a 
revolution of lSO°aud immersing the 
zincs to a maximum depth. In order 
to extinguish the lamp, it is only ne- 
cessary to press the button II again. 
The axle M will then make another 
half revolution, and, when it stops, the 
zincs will he entirely out of the liquid. 
The depth of immersion is regulated by 
fixing the m auk -pin I> m the apertures 
T, or T 2 of the connecting-rod. This 
permits the travel, and consequently the 
degree of immersion, to be varied. The 
device requires three wires, two for 
connecting the lamp with the battery, 


and one for manoeuvring the apparatus 
through a closing of the contact II. 
With Maresrhal’s system, bichromate 
piles mav he utilised in a laj;ge number of 
cases where alight of but short duration 
jequ cl until the battery is ex- 
hausted, without the tedi- 
ous maiuvtivring of a 
winch and without incon- 
venience. Tin* jack per- 
mits of a large number 
of lightings and extinc- 
tions being clfccted before 
it becomes necessary to 
wind up its clockwork 
movement. This opera- 
tion, however, is very 
simple, and may he per- 


'U~ 


formed every time the 
battery is visited in order 
to see w hat state it is in. 
MareschaFs apparatus is 
an indispensable addition 
to every case*qf donlestic 
electric lighting in which 
bichromate piles are used, 
and, in general, to all cases 
where the pile becomes 
Uselessly exhi Med in open eirchit. \* 
will likewise find an application in la- 
boratories, where the bichromate pile 
is in much demand because of its power- 
ful qualities, and where it is often neces- 
sary to control it from quite a distant 
point. ( La Nature.) 

Cautery , for . — The battery consists of 
a series of carbon and zinc plates, pre- 
senting a very large surface, which is 
exposed to the action of a solution of 
bichromate of potash *.’it.h sulphuric 
arid. Each plate is rectangular in 
shape, as in Fig. 7.'1, but each has one 
of its top corners cut away. The zincs, 
as in Fig. 73, are deficient at the upper 
right-hand comer, and the carbons, as 
in Fig. 74, are cuf away, corresponding 
to the left upper corner. In this way 
space is left to join each series of plates 
by a strong brass rfid provided with 
washers, by which their distance apart 
is regulated. The rods are joined to a 
common handle above by metal piecei 
care being, of course, tollmen to secure 
insulation of one series from tfte other! 
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Fig. 7:ircq>rcs<mts the battery arranged the solution, and ultimately pass into 
in its most compact and portable form, the narrow spaces which are interposed 
the reservoir being an oak box lined between each pair of the fixed carbons, 
with sheet lead. The zinc and carbon If the battery be required to act for 
elements ar<f lifted in and out of it by any length of time, the solution is 
means of the wooden handle A, l*v effectually agitated and polarisation 
which they are all supported, and which prevented by an occasional elevation 
.rests by its ends in grooves cut at each and depression of the weight, 
end of the box. When required for use, The internal resistance of this battery 
the bichromate solution previously pre- is very small ; its power of overcoming 
pared is poured in from a bottle. After H'sistanco in t ho external (ircuit is 
use, the plntes are raised out of tin* proportionately little, and accordingly 
solution bv means of the handle, wasbeil only .‘10 silk-covered ropes of copper 
by dipping into a large vessel of water, wire are necessary in connecting it 
and replaced in the box, the contents of with the platinum to be heated. (0. 
which have been previously emptied Coppinger.) 

away. | Chromic acid. — (o) Prescott describes 


ot. 



Kitteiy tot cautery. B.ittm ioi cautery. 


l l * * 4 'ig. 74 represents the battery as a chromic acid battery •whore bi oh ro- 

ar ranged for ordinary use. The rcser- mate of potash and sulphuric acid take 
voir contains a large quantity of solu- the place of nitric acid in the Bunsen 
tion in which the carbon plates are battery. The solution is made by dis- 
immersed to j of their height. The solving jj lb. bichromate of potash in f> 1 1>. 
zinc plates are lifted entirely out of the hot w ater, anil when cold, adding strong 
solution by the action of the iron sulphuric add. The zinc is placid in 

weight B, which iflore than counter- . the outer jar containing a satin ated 
balances them. Tin* drawing represents [ solution of common salt, which is made 
them in process *>f being lifted out. It by adding -•alt until the waiter can dis- 
fails to show that the connection of solve no more. Five of these cell^ give 
this bar with the zinc series is inadcbv a fair current to a small lamp, but the 
arms of metal outside the box. When porous pots are soon ruined --sometimes 
/required for jup, the bar weight B is the bottom coming completely oft. 

• lifted jfjy hand, the zinc plates dip into ■ But to make a cheap battery of thiji 
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description for bulls the elements must 
lie reversed. In the outer jar should 
he a large surface of carbon in hi chro- 
mate solution (adding a few drops of 
sulphuric acid), the lumps of graphite 
packed closely round the porous pot. 
Inside the porous put a strip of zinc is 
placed in a solution of salt. Two of 
these cells coupled for intensity will he 
suflieieut to ring any ordinary hell. If 
you do not wi«h to spoil the porous pots, 
place just enough salt to acidulate the 
water — say ’ teaspoonful to each. The 
bichromate will bed a long while; but 
the saline solution in the porous pot 
should he changed once in t> K weeks. 
To keep a couple of porous pot', in clean 
water in reserve would he as well, as 
all the impurities would soak out in the 
mean time. A couple of these cells can 
easily be made up by experimental 
electricians for next to nothing in cost, 
as many have most of the materials 
required at hand. 

75. 



( f >) fig. 73 is better than the ordinary 
form, being much more convenient and 
compact, and giving a greater current. 
r l his battery is very constant, and 
will light a lamp for many hours. The 


cell may be used with the usual 
chromic-acid solution. E.M.P. 2*03 
volts. Internal resistance for 4 sq. in. 
zinc surface = j ohm ; copper-wire to 
be attached to the binding-screw A of 
next cell. This wire may also be used 
to suspend the elements. To keep the 
carbon rods at a suitable small distance 
from the zinc rod and from each other, 
small pieces of rubber tubing are 
slipped on each rod at the two ends, and 
are seen if» the sketch partly covered 
by the elastic bands, above which the 
carbons are coated with copper bv 
elect rolvsis, and have soldered to them 
a flexible ligament of fine copper wire, 
and other wires (A and B) for supports 
to suspend the elements in the neck of 
a bottle. The ligament is cut. through 
between the rods marked 2 and 3, so 
that when the tw r o elastic bands have 
been removed the carbons may be 
detached from the zinc. The al»o*c is 
the arrangement of carbon, and zinc 
elements for one cell, the carb'on being 
in the form of rods. 


76. 



Delamy's battery. 


Delamy's, — Fig. 76 is a modification of 
the standard gravity battery. The sul- 
phate of copper is enclosed in t]ie straw- 
board box, the zinc in a paper envelope, 
and the rim of the jar lias attached to 
it on the inside by a sticky subsftincc a 
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baud of rubber cloth. The advantages 
claimed for the cell arc as follow?.: — 
When the battery is first set up, the 
dust of sulphate of copper is not 
instantly dissolved and difluscd through- 
out the liquid, coating the zinc, with 
copper, as is the case with the ordinary 
cell. Several minutes elapse before 
decolouration of the lluid begins, and 
theu only at the bottom of the < ell, fiom 
win nee it rises very gradually, never 
reaching the zinc. If the ho.\ be tilled, 
tin* charge of copper h always uniform. 
]>epositod or spongy metallic copper 
canuot fall upon the crystals from the 
zinc, and caking or massing in the 
bottom of the jar U thus prevented. 
The copper electrode is held iinnJy in 
position, always the 


rims of the jars are clean and dry. 'lhe 
sticky side of the strip should he heated 
slightly and pressed on firmly all 
round. 

Ft icdlandcr's. — Fig. 77 show’s this 
portable battery with incandescent lamp 
attached for ordinary use, hut various 
modifications of a more or less orna- 
mental chaiactcr are manufactured. 
Fig. 7S illustrates the maimer in which 
the electrodes are arranged They con- 
sist of carbon blocks and zinc rods 
attached to an axis which can he turned 
from the outside by means of a knob, so 
that when the light is not required the 
electrodes are turned into a horizontal 
position clear o{ the liquid. l»v lowering 
them more or less, the intensity of the 


same distance from the 
zme. In a battery of any 
considerable number of 
ordman cells it would 
be # Uillicnlt to lir»d two 
alike it* t his respect. 
There are littie or no 
st aluetitic foi mat ions 
from the zinc, and conse- 
quently no local action, 
•rendering the battery 
very useful for open- 
civeuit work. When 
water is poured in to 
make up for evaporation, 
the equilibrium of the 
fluids is not disturbed. 
The deposit on the zinc 
thus protected is easily 
removable, requiring no 
hacking 01 ^ scraping, 
(hie zinc will endure 




two charges of sulphate 
of copper. The hand 
around the rim is one of the most 
important features of the cell, as it 
prevents zinc sulphate from creeping 
over. It offers sfinply a mechanical 
obstruction. It works perfectly in 
practice. Of ^course, these strips or 
bands may he applied to any battery 
requiring them. They serve equally 
well for Loclanchi? b battery j and, to 
attach them deceits o’fany kind already 
only necessary to set* that the 


Fi iedlandci ’s> battery. 

light can he regulated. The exciting 
fluid is a solution of chloride of zinc 
and bichromate of potassium, and has 
no fume or smell. With a d c.p. lamp, 
one charge of the electrolyte will last 
for about. :>A lamp hours, the exhausted 
liquid must then he pouml aw^y and 
fresh solution tilled in, an operation 
requiring no more skill than the tilling 
of an ordinary oil lamp. The carbon 
electrodes, which are specially prepared, 
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do not need renewal, but the zinc rods 
must of course from time to time be 
replaced. This portable battery and 
lamp is intended for use in warehouses 
and other places where ordinary lamps 
are inadmissible on account of lire risk, 
and also for use in bedrooms and other 
places where light is only required for 
a short time. 

(»«s\ — Following are details concern- 
ing an lS-i el l batten of Treehx’s 
design, using material which tan he 
easily obtained, and which requires no 
special construction, though it would 
he better if the gla^s cells were less 
deep, as it. would reduce the hcighl of 
the battery more than lft. Tic* cells 
are placed m a framework made of vul- 
canised fibre, as it is strong and i*a-y to 
work. 

For the construction of the frame are 
required 4 pieces of fibre .Vijin. by 2iu. 
by lin., and these will make the 
uprights; 4 pieces 15jin. by Lim. by 
lm., for cross bars; 2 pieces 13? m. by 
l.-iin. by ’in., for the top and bottom of 
frame ; 2 pieces 4t>in. by 9 Jin. by [Jin., 
for the sides ; and a piece of jin. plate- 
glass, 45jin. bv ldjin. for the back, 
together with 19 pieces of Jin. patent 
plate-glass, 13 Jin. by lOin. To con- 
struct the framework, first take one of 
the uprights, and having mitred one 
end across the thickness, take a saw, 
cut immediately below the mitre, Jin. 
deep, and another Jin. below that, and 
plough out the groove with a plough 
plane (Fig. 79, top end); then 3 jin. and 
4in. respectively from bottom of upright 
take 2 saw-cut? Jin. deep, and plough 
out between them, making jin. below 
low'd* groove a mortise lude -Jin. by Jin. 
This do to all the 4 uprights, afterwards 
cutting a Jin. rabbet on cither side 
between the upper and lower grooves in 
the case of two, t lie other two being 
rabbeted on one side only as show T n by 
dotted line, Fig. 79. When this is done, 
take the two last uprights and cut 17 
groove4 ‘2.*in. apart, y* 0 in. deep, by Jin. 
broad; these will then have the appear- 
ance of Fig. 79. Now take the two side- 
pieces, 4fiiu. by 9 Jin. by Jin., and plane 
a mortise cut -Jin. <4eep t^long the top 


and bottom of each, and after laving one 
of the grooved uprights upon them, 
mark oiVand cut 17 grooves obi-respond- 
ing to the ones made m uprights. These 
must exactly meet when fixed in their 
places. Again, take one of the sides, 
and, if/arking off hn. from the top, bore 
exactly in centre of side a jin. lode and 
17 other ones 2 Jin. from each other; 

1 these hides an* For the rubber tubing 
‘ which convey*, the gas to the cells, and 
! which are • mueefed to the gas-taps M, 
j Fig. SI. On the other side mark off in 
j I he same way, boring two Jin. holes. ’lin. 

I from either side. These are for the 
| connecting wires from cells (Fig. 8"), V 
, being binding screw's, the small clots 
aho\ e being the holes. This Inning been 
done, tak** the two top and bottom 
pieces 13 Jin. by 13in. by Ain. and cut 
two rabbets .Jin. deep on the bottom side 
of the top piece and the top side of the 
bottom icspectively at the hack — t^t>e 
rabbets being i«»r the glass hack to hit 
into-- afterwards fitting them Wth to 
the sides by cutting their corresponding 
mitres on right and left. Now when 
two of the cross-bars have been mitred 
at their ends and the other two have 
had their ends shaped to tenons so as to 
fit into the mortice-hole at bottom of 
uprights, the framework ought to be 
completed and merely require fixing, 
which had better he done with hichro- 
niatod isinglass glue, being careful to 
rough the parts to he glued with sand- 
paper or a coarse file, using small Inas.s 
screws Jin. long for fixing the sides and 
cross-bars, and red lead putty for fixing 
the glass hack. t> 

When thoroughly secure, varnish with 
a stiflish solution of shellac, in spirit, to 
which has been added, whilst, warm, 10 
per cent, of solution of rubber in 
chloroform and 2 per cent, of copaiba 
oil. When the. varnjsh is dry, slide the 
glass plates into their grooves. Fig. 84 
will perhaps give a general idea of the 
battery when fitted with* cells, (i being 
zinc wings sloped lhrwurd in order to 
concentrate the draught, and on which 
i are hung two leaden tubes E, with 
i branches terminating in (little cups to, 
•fttcli drips from battery cells, the^boyp 
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being so pivoted that they can swing ought to bo about ‘28ft. high, and which 
round when the cells require to be taken terminates with a large ventilating cowl 



A, vulcanised fnuno ;•(*’, grooves for sliding glass partitions; I), overflew drip tubes; K, gas 
regulator; screw cap; H, core flout ; M, g.w-c«»i-ks leading into cell'.; N, brackets for 
fixing gaspipe; P, pressure indicator; U 1 K t shunt binding-sen^; S, main bindmg-scre\\ s ; 
T, tap for condensed water ; W, condenser ; V, lump ; X, damper for itraught ; 1 , binding- 
screws from colls. 

out of tlieir compartments. In Ki?. 81 to ensure always a thorough draught 
will be seen • di of the fl pipes leading through batter) box, and ot^ the other 
tvpm ^attery box into chimney Z, which j parts shown in Fig. 80. \V is a reeep* 
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facie for any water condensed in 
chimney, X being a damper contained 
in it, T being a small tap or outlet for 
condensed water. It. will also he seen 
from Fig. S<) the position of eel K allows 
of a clear 2 Jin. space hehmd for draught. 
In Fig. 81 M i.s a bras* tube fitted with 
IS no/zles and taps, by which to con- 
duct hydrogen to cells, these being 
connected by means of short lengths of 
jin. rubber tubing. The brass tube 
terminates at the top with a pressure- 
gauge P, and has at its bottom end a 
regulator K. which regulates both the 
pressure and quantity of gas, for it will 
be seen that when the gas i-, turned on, 
the float II, which is made of thin iron, 
rises until a series of small perforations, 
halfway along its length, come opposite 
the opening of pipe lea ling gas to celU ; 
then on any lamp being turned on m 
the main S, a shunt current K passes 
through regulator and uintmU the 
gas according to the resistances of 
the lamps in parallel ; the regulator can 
also easily be adjusted bv turning screw- 
cap L. 

It may seem unnecessary to have both 
a pressure gauge and taps to all the 
nozzles; hut, apart from the conveni- 
ence of shutting off some cells, in case 
of a leakage of hydrogen ga*, which has 
no smell, it can at once be determined 
and the cell cut off It will also be 
perceived that, the bobbin of regulator 
is a shunt on the main leading wires, V 
being a lamp inserted in shunt; but 
this is quite optional, by reversing 
the regulator and readjusting screw- 
cap, it tan he iHtd direct on the main 
leads. 

Now to come to one of tin* most 
important parts of the battery — viz., 
the wire mesh frames to fit into glass 
cell. For these are required 30 pieces 
of vulcanite, 12£in. by Jin. by Jin., 30 
pieces 9 jin. by Jin. by Jin., and these 
will make the 18 top or positive frames, 
and for the bottom frames will be 
p quire<4 the same number of pieces, 
1 2 J in. by Jin. by -Jin. and 9Jin. by Jin. 
by Jin. respectively. All these can be 
nicely cut out of two half-sheets of 
vulcanite -gin. thick. In addition to the 


above will 1 required 18 pieces, 12 jin. 
by it] in , of silver wire gauze, 1*20 mesh, 
and 18 pieces, 12m. by 9in.,* together 
with several lengths of copper or silver 
wire. No. 18 gauge, and a gf.od many 
gutta-percha winp-lashes fur sealing in 
with, and 38 strong elastic bands Jin. 
wide. 

The first thing to do is to mitre, 
mortise, and tenon all the vulcanite 
strips, and to take a saw-cut. J in. deep 
down t lie ii.side ^in. from the edge, 
boring a hole on one side, 4ni. from top 
side, for the connecting wire to pass 
through (Figs. 82 and H8). On the other 
side in the centre on outside of frame 
file a small groove about, j in. wide 
across it; this is for the rubber 
tubing. 



Wire mesli. 


The next thing, after fitting all the 
frames, is to fix the silver- wire mesh 
inside them, and to do this first take 
tin' gauze an l turn it up Jin. all round, 
running a silver or copper wire, No. 18 
U.W.O. under the lap, twisting the two 
ends together where they meet (Fig. 
83); then taking the shorter piece of 
vulcanite with the hole in it, pass the 
twisted wires through and press the 
wire edging into saw 7 -cut. by means of a 
bl nut screw -driver. This also do on the 
opposite side with r the other piece, 
soldering the wires to the mesh with 
metallic putty, and sealing over the saw- 
cut with a piece of gutta-percha whip- 
lash ; then take the two longer pieces, 
and having placed flic other nid<* of the 
wire mesh into their respective saw-cut*, 
fix the ends of the pieces in their jjace, 
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with a solution of gut.ta, passing a 
rubhrr band all round the frame. Now 
press the 'wire edging home on either 
side to bottom of saw -cuts, soldering as 
before, anft sealing with gutta-percha. 
This will strain the wire mesh, and 
make it quite tight - an absolute Sueees- 
sity for the proper working of the cell. 
The wire mesh-plate is now nearly com- 
pleted, but will have to be placed in a 
silver bath until the wires of gauze are 
cemented together, when it will have t*» 
he transferred to a platinum hath. All 
the other frames must be treated in the 
same way. When the smaller frames 
have been sealed in the bottom of their 
respective glass cells, place the larger 
ones over them, on tin* upper side of 
which hns previously been placed about 
1 Jib. granulated platinised carbon, about 
the size of 4 or , r > shot. The cells are 
now practically finished, except for 
th^uldition of a dilute at id, and can 
plactyl in their diilerent compart- 
ments.* 

No doubt the above is capable of many 
improvements, such as the corrugation of 
the plates, closing up the face of battery 
antifusing forced draught ; but the wire 
gauze plates will only be beaten by thin 
porous metal ones made of some less 
costly metal. The difficulty of the cell 
is that it must be kept absolutely level, 
so that the positive or upper plate is 
never out of capillary attraction with 
the dilute acid in the cell, and yet it 
must be never underneath the surface. 
To remedy "this I tried floating the 
positive plate; but this so diminished 
the available surface that I prefer 
the level kept constant by overflow 
tubes, such as D, the evaporation 
being also kept constant by turning 
damper X. This latter will be fairly 
rapid, as the air not. only passes over, but 
permeates through the layer of carbon 
ill cell. 

It is as w r ell to mention that before 
turning gas oft to battery, if all the cells 
are connected in parallel and coupled 
to eight §-gal. Kunsens grouped in series 
of two for about 10-2/0 minutes, discharg- 
ing once ort^ice, but being very care- 
ful **>t to attack silver mesh, the* inter- 


inolecular porosity of the plate will bo 
much increased. The last charging had 
better remain in the plates until the 
gas is turned on to battery, as owing 
to what I call a molecular Ruction the 
freshly-liberated hydrogen from gas 
apparatus seems to take the place of the 
hydrogen disengaged in cell more readily 
when circuit is closed afterwards. 

Now’ as to cost and efficiency. The 
cost is easily calculated, ami would be 
ln*t ween f»o/. a ml lit) L; the absolute 
cfhciency ditlicult. to calculate, but as 
the turrent density in discharge has 
! varied from *1 to nearly per sq. in. 

! in the several kinds of plates experi- 
; located with, I think 1 should he justi- 
, lied in stating t lint a 2.'»-cell battery 
1 constructed on the above linos, exposing 
MOsq. in., or lsq. ft. of negative area, 
would give about 1 electrical 11.1*. — .a 
poor result from such a mighty edifice 
of cells — and would cost from SO/, to 
9o/., oi not more than a first -class gas 
engine of the same power. Of course, 
future improvements would greatly 
ineieaso the output of the above, and 
might poshly reach 2 II. 1*. or l. r >00 
watts. 

With regard to the working of gas 
batteries, there is a critical point at 
which the greatest effect takes place ; 
this is that point at which the combining 
elements occupy the least possible space 
without giving or losing heat to the 
surrounding solution. Thus, in an oxv- 
hydrogen cell with perfect plates the 
critical point is 4° (\, but the inter- 
inolcciilar porosity increases with the 
temperature, and Flu* temperature 
increases the pressure of gas at a con- 
stant volume, therefore the temperature 
must vary as the thermo-molecular 
porosity of the material, of which the 
plates are composed, and the pressure 
must vary as the temperature, to obtain 
a constant, volume, and since it will be 
seen that the limit of temperature must 
i lie between 4° C. and 100° 0., in all 
probability unless the atmospheric 
pressure on positive plate is increased, 
the greatest effect would take place 
when the negative plate is heated to 
100° C„ using a pressure of gas at 5 * 21u, 



Trff-by’h lottery, 

A, vulcanised fibre flame ; B, rIiiks c'dls ; (\ pinto glass supports dividing cell compartments 
I>» overflow drip tubes from coll; K f catch cups and tube* to load away overflow drip 
I*’, basin to bold Miirplijs wutor ; (i, zinc wings to concentrate (Jraugfyt, ** 1 
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per sq. iu., the solution remaining a | when the mital will Ik* pierced with 
4° 0. ; hut, of course, in actual practice, . tiny holes, according to the coarseness 
a compromise must he ninilo, so as to of the mesh usimI. (A. Treeby.) 
give the. host results. Therefore, I , Jlult er —The desire to obtain an 
suggest tTiat the negative plate he in.oh* open-c n cuit hatteiy of large generating 
very thin, w hich also increases its mole- power, and one which should quickly 
eular porosity, so that the energ^t of the recuperate, led to the construction ol 
current may generate the heat required, the Iloll/.»r <\lmder battery ot the 
and that ',’ie positive plate he kept cm.l I.e« l.uu he type, shown in Fig. tC>. As 
by the evaporation w'luch take* place, w ill bo seen, the battery consists practi- 



so that the solution in the immediate 
vicinity of the plate where the combina- 
tion tnkes place should he as nearly as 
possible 4° ( \ ; also a low temperature 
is more conducive to the formation of 
ozone in the carbon above positive 
plate.. It may he worth mentioning 
that a very thin pfate can ho made by 
taking very thin metal foil and burnish- 
ing* over a piece of iron wire. gauze, 


rally of two parts only, as the r\ Under, 
zinc, and connector form the first, part, 
they bcin collectively united and 

forming piece alone : the second 

part being the gl.i-*s jar. The cylinder, 
resting on the top of the jar,Torms by 
its weight a well-sealed joint, thus pr<s 
venting evaporation ere are no 

; fragile parts to be easily broken, hut 
| one strong heavy carbon of cylindrical 
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form, having a binding post well secured 
to it and thoroughly protected from 
salts. The zinc is separated from the 
cylinder by a porcelain piece of wedge 
shape t.o secure a close fit. Thus is 
presented one of the simplest and most 
practical forms of Leclanchc battery 
obtainable. 

I make net:: hi . — This battery has a con- 
siderable K.M.F. and very great con- 
stancy. The extenor containing cell 
is of tinned iron, nn ith a base of cast 
iron ; the interior cell, open at the base, 
is of paraffined cardboard, and contains 
8 porous diaphragms. Melted paraffin 
wax is poured at tin* bottom *>f the fir.st 
<*ell, and wlien this i> cold the second is 
introduced. There are thus f) com- 
partments perfectly insulated, of which 
4 contain sulphate of soda with plates 
of zinc, and the other 5 are filled with 
chromic acid with electrodes of specially 
prepared graphite. The interior cell 
being a little lower than the exterior, 
two flattened funnels can be placed in 
the spaces by which the two solution.^ 
are poured in. The liquid arrives at 
the same level in all the compartments. 
At a certain height openings are made 
by which the excess liquid can flow 
through. An outlet is made at the 
bottom of the first cell by which the 
whole of the compartments can be 
emptied by the simple turning of a tap. 
The positive electrode is in compressed 
graphite, with a metallic gauze, to 
which the terminals are .soldered and 
covered with parafliii wax. The graphite 
is light and ven* compact, so that the 
liquid in which it is immersed does not 
rise by capillary attraction and does not 
oxidise the terminals, which usually 
happens with other batteries. In cer- 
tain types the negative pole is also 
made of graphite. The K.M.F. of this 
battery is about 2-12 volts if both 
electrodes are of graphite ; the internal 
resistance is 0-08 ohms. 

Iron . — A novel and simple form of 
electric battery has recently been in- 
vented in Italy. It consists of conical 
vessels of cast iron and porous earthen- 
ware, with nitric and sulphuric acid. 
An iron cone iB placed point downwards 


in a stand, and is partly filled with 
strong nitric acid. In this there is 
placed a cone of porous earthenware 
containing dilute sulphuric apid. Then 
follows an iron cone surmounted by an 
earthenware one, and so on in a series, 
each vessel containing its respective acid. 
It follows that the inner surface of 
each iron vessel is bathed in nitric acid, 
and becomes passive, acting the part of 
the platinum or carbon in an ordinary 
cell. Tlu outer surface is attacked by 
the dilute sulphuric acid, ami takes the 
place of the zinc. There are no con- 
nections to make, the simple building 
of the pile putting nil the parts into 
union. The earthenware cones are 8 in. 
diameter and 4 in. high, and contain 
550 c.e. of 10 per cent, sulphuric acid 
solution. The iron vessel contnius 110 
c.c. of nitric and sulphuric acids, the 
latter being 0 times the volume of the 
former ; t»U elements, arranged it. Iwo 
piles, have a resistance of loj ohms, an 
electro-motive force on open circuit of 
81 volts, and on closed circuit of 45 
volts, with a current of 4 amperes. 
After 5 hour* the difference of potential 
falls to 28 volts, and the current to 
2 7 ri amperes. 

Konsmine . — By making use of the 
phenomenon of diffusion, Kousmine has 
succeeded in overcoming the increase in 
internal resistance of the bichromate ot 
potash battery due to the formation ot 
crystals on the jiositive electrode. The 
positive carbon electrode consists of 4 
strips attached to the lid of the battery. 
The negative zinc electrode consists 
of a ciicuiar grating, reding on the 
bottom of the battery, By means of a 
funnel a 15° B. solution of sulphuric 
acid is introduced, until it just reaches 
the lower end of the carbon strips. A 
(J to 7 per cent, solution of bichromate 
of potash is next introduced. The two 
liquids do not mix, on account of the 
great difference in their densities. When 
the battery is short-circuited, it is easy 
to see that chemical action only takes 
place close to the lower end of the 
carbon strips, which are gradually 
surrounded by a violet^nng 2-3 mm. 
deep, Above this region the blchro* 
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mate solution retains its original colour. ] 
The bichromate solution being very 
weak, the chromic crystals dissolve as 
soon as tl^*y are formed, and the posi- 
tive electrode is not covered by a 
deposit as in other batteries.^ The 
solution of these crystals, having a 
greater density than the surrounding 
liquid, fills to the bottom. The sul- 
phate of zinc also falls to the bottom of 
the cell, causing move sulphuric acid to 
rise. A cell tested by a committee of 
experts showed : — Height 2<>cm., dia- 
meter, 15cm., surface of zinc 17*>sq. 
cm., bichromate solution per cent., 
sulphuric acid 15° lb After having been 
circuited for hours on an external 
resistance of ohm, and then left on 
open circuit for l<Lj hours, the cell con- 
tinued to work for 4J hours, when the 
circuit was again closed, and it gaxe 
during 111 hours .‘Id ampere-hours for 
air$x pend it urc of 48grm. of zinc. 

* J stilt fldc- Ch'tjtfrun. — The inventors 
hoped from experiments they made 
that by combining zinc and an alkaline 
solution with an efficient depolarising 
soly|, they could fulfil the necessary 
conditions for a cell which should 
remain mounted for a long period, like 
the Leclanchtf, whilst furnishing a con- 
stant and largo current, several amperes 
for instance, though but of small 
dimensions. Following cut this train 
of thought, the trial of metallic oxides 
as depolarising material, a large num- 
ber of whiclj are insoluble in alkalies, 
was naturally indicated. Among all 
those examined none seemed to supply 
electrodes ft* such capacity ns oxide of 
copper. Peroxide of manganese gives a 
high K.M.F. with an open circuit, but 
in alkali elements, as al>o in sal-ammo- 
niac elements, polarisation ensues very 
quickly for a duty of some importance. 
They did not thisne it worth while to 
follow up the examination of this 
combination subsequently extolled by 
Leuchs. The various oxides of irou, 
natural or artificial, turned out badly, 
and were not reduced in any appre- 
ciable manner in the buttery. How- 
ever, the si Ail 1 layer of oxide formed 
by ftridation through heat on plates of 


iron [dared at the positive pole was re- 
duced rapidly enough, and made good 
contact with dcpolnrisers, even solids. 
This quality of making with the posi- 
tive electrode sufficient] v good contact 
to allow the battery to work well, to 
make good contact, is very variable, 
not only with the nature of the oxides, 
but. also with their physical state. 
Thus oxide of copper formed by roast- 
ing copper in the air is generally found 
to be in good condition for use; whilst 
chemically precipitated oxide makes far 
inferior contact with the electrode. The 
binoxide, of mercury, which it would 
appear should show properties very 
much resembling those of oxide of 
copper, depolarises slowly and badly, 
whether it is used with a support of 
copper, iron, carbon, or even mercury. 
Oxides of the precious metals (silver, 
platinum, gold) give high electro- 
motive forces, and depolarise regularly. 
Oxide of silver has given, in D’Arson- 
val’s hands, an E.M.F. of more than 14 
Volt. l 7 nhappily, the price and the 
high molecular weight of silver render 
its use very limited. The battery thus 
formed is not completely reversible; 
the silver reduced to oxide in the work- 
ing of the battery only absorbs electro- 
lytic oxygen in an incomplete manner, 
whilst with copper the absorption is 
complete up to perfect oxidation. The 
same electromotive forces are obtained, 
in fact, by the use of the oxide or 
chloride; the latter, having a heat ot 
formation far higher than that of the 
oxide, evidently will jiut give the same 
E.M.F. unless it undergoes a preliminary 
transformation. High electromotive 
forces might, be hoped for with the 
higher oxides of nickel and cobalt 
obtained by an electrical recharging ot 
elements working as secondary bat- 
teries; but these products make bad 
contact with the supports. Oxide of 
bismuth, on the contrary, which is 
formed by using the lower nitrate, 
might answ r er readily; but it? is very 
inferior to oxide of copper. Binoxide of 
lead cannot be used. 

Having ascertained in a general 
manner that the combination of the 
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properties of* oxide of copper and those | 
of alkaline .solutions enabled them to eon- | 
struct a cell which would last and give I 
a high duty, it remained to design ( 
simple forms fur different n-c.-. Tin* J 
use of agglomerate depolarising solids \ 
lias been much uphold. I'roduits 1m\- ! 

in lc energetic depolarising propert ic-, I 
and offering threat resist. nnv to the , 
dissolving action of cau-tic alkalies, ate ! 
prepared by mixing .1 small quantity of ' 
oxychloride of magnesium \\ 1 1 h oxide of | 
copper, and mouldm-g the mateiial on a 1 
metal support to ensure contact. This 
method of using the oxide readily per- 
mits of the formation of elements of . 
small volume and large suriace. It h [ 
necessary to remark, however, that 
under ordinary conditions, when the 
battery must not he recharged after j 
running down, thu*c agglomerate plates j 
become, as in the Icelandic cell, a use- j 
less residue, and the work expended in . 
their manufacture is entirely thrown 
away. On the other hand, the pure 
metallic copper obtained by the icdm- 
tion of the immixtd oxide is far fnn.i 
being valueless. Accordingly, it si cm- 
more practical to apply the oxide to the 
conducting support, which in this c.m* 
.should he hoii/.ontal, l>v its own weight 
alone. Constructed under the.e con- 
ditions, in which the depolarising 
material icsts on a plate, 01, better 
still, at tin* bottom of a metal jar, is j 
the most handy form fin* numerous 
purposes. The use* of agglomerate 
plates should he jeserved for special 
cases. 

In the e ce lls tiie zinc is placed in the 
tipper part, and when in \v<>ik the very 
dense solution of zincate of potash winch 
is formed falls to the bottom of the jar, 
where it lies in a syrupy layer, so that 
to the very end the zinc is in contact 
with the dilate alkaline liquid which 
should attack it. This it does under 
these conditions with perfect, legularity, 
whilst plates of zinc immersed a.s far as 
the h’lttom of batteries of the same 
kind are eaten away with increasing 
rapidity from bottom to top. A plate 
of /me mm. thick, placed horizontally, 
can he eaten away so regularly as to 


have at. hod a uniform thickness of only 
111m. In batteries at rest the 
.separation of the solution of potash and 
t lie saturated solution of zincate which 
tails to the bottom mav he clear enough 
to pei nut of renewing the exciting 
liquiu 1 »\ s\ phoning oil tin! saturated 
parts to replan: them. Soda gives 
apparently tin* same results as potash, 
both a» regards F..M.F. and internal 
resistance. Potash avoids the forma- 
tion ot i reeping salts. This incon- 
venience can, however, he avoided in 
large cells by simply coveting the 
sin face with a liquid not attackable by 
soda. It is useful to employ sufficiently 
concentrated solutions, up to .' 1 Q- 4 U per 
cent., for instance. A solution contain- 
ing :>-(» per cent, of potash dissohes 
but very little oxide of zinc; and a 
solution of alkaline zincate precipitates 
oxide of zme when diluted with water. 
Tnete is, therefore, a far greater* rela- 
tive proportion of unused alkali t^e 
more dilute the solutionis. When the 
alkaline solution in the battery is 
saturated, though the circuit he closed, 
the zinc continues nevertheless to be 
ntt.nkcd; but then oxide of zinc is 
deposited as much at tin* bottom of the 
jar a*, on the zme, which it covers with 
a hard crust. The appearance of these 
deposits indicates the "exhaustion of the 
battery. The carbonic acid of the air 
is absorbed by the potash of the bnt- 
teiies, especially if the surface is not 
protected by a cover or layer of liquid. 
This absorption, which otherwise is 
very slow, is only inconvenient so far 
as it renders useless thv»* quantity of 
potash converted into the carbonate 
state. When the alkaline solution is 
saturated with oxide of zinc and 
remains exposed long enough to the 
action of the air, it causes insoluble 
crystals to he deported iu water (which 
appear to be oxide or hydrate of zinc). 
One serious inconvenience is found in 
nearly all batteries intended to remain 
untouched for a long period; that is 
that the zinc, even with an open circuit, 
i s rapidly attacked at the level of the 
liquid and to a small diaUince below the 
surface. It may in this way l« com* 
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pletely cut in two, even if it be a thick 
plate, anti the working of the cell be . 
stopped. The UNe of insulating varnish I 
or protecting bands of rubber gets over 
this difficulty. If the zinc be suspended 
by a wire or rod of any other soluble 
metal, a local couple is formed \?hich 
rapidly destroys the electrode at the 
point of attachment. A rod or plate of 
brass or of amalgamated copper may be 
used as a support for the zinc. Amal- 
gamated zinc will not form a couple 
with amalgamated brass, even after a 
long period of immersion. This method 
is adopted for all batteries required for 
any length of time. The zinc is always 
completely immersed and suspended by 
a conductor of amalgamated brass con- 
nected with a terminal. 

The oxide of copper battery can be 
made in many different forms, accord- 
ing to the service it is intended for. 
Mod;k with an external iron jar offer 
the advantage of being hermetically 
closed, Aadily portable, and of great, 
solidity — very important qualities for 
cells enclosing a caustic liquid. In one 
of these forms (Fig. SO) the outer jar, of 
v '09m. diameter, looks like a shell. It 
constitutes the positive pole : a terminal 
A projects as shown. The outside of 
the jar is paraffined when cold, so as to 
prevent rust and short circuiting. The 
zinc 1) is formed of a cylinder ‘02m. 
diameter, soldered to a rod of amalga- 
mated brass K, fitted in n rubber tube 
Cl, and carries the terminal F. The 
tube is also traversed by a metal tube 
terminated by a plug H, formed of 
split rubber ©tubing. These cells are 

usually delivered tilled with the potash 
solution, so that to mount them it. is 
only necessary to throw in the proper 
quantity of oxide of copper, which 
spreads over the bottom at B, and to 
close the cell by n*i;.ns of the rubber 
stopper carrying the zinc. This ar- 
rangement. is particularly handy for use 
111 rooms for telephones or electric bells. 
This type will give a duty amounting 
to nearly f 2 amp&res. A smaller type of 
# 05m. diameter is fully capable of 
several years^efbetrio bell work. 

Fig.«87 shows another type of ber- 


meti rally-closed cell which has more 
recently been brought into use. It has 
a large surface, * 22m. diameter, and 
gives a duty of 8 to 10 amperes, which 
allows of its being used fur the satiio 
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purposes as the Bunsen and bichromate 
batteries, viz.: — (.'barging accumulators, 
lighting houses, electro-plating, induc- 
tion coils, &o. The arrangement of this 
cell is very similar to that of the fore- 
going. The oxide of cgpper B is simi- 
larly spread over the bottom of the jar; 
the zinc I), consisting of a long plate 
rolled in spiral form to offer a large 
surface, is suspended fiom an ebonite 
cover CJ, fitted on to the mouth of 
the jar by means of screws, as 
shown, and having a rubber washer to 
secure the joint. These large elements 
ha\e the same charge as large trough 
cells viz., 2 kilo, potash and ‘9 kilo, 
oxide of copper, and can be used fhstead 
of them for all purposes. They are 
capable of a considerable amount of 
work. For instauce, a trough battery 
has kept an Edison 5-candle lamp alight 



146 


ELECTRICS* 


for more than 200 hours. By using 6 the support of the depolarising material 
elements one can carry on nickel- is of copper, a small quantity of the 
plating work during nearly 2 months latter is dissolved, giving a blue colour 
at the rate of 7 hours per day, which to the liquid. The copper obtained by 
requires d Bunsen elements. The latter the reduction of the oxide, however, is 
require to be remounted every 2 days, not dissolved. By employing iron or 



Lalandc-Chaperon battery. 


and do not give nearly such a constant 1 cast-iron ns a support this attacking 
current, thus causing numerous troubles, and dissolution of the copper is avoided. 
These iron batteries have the remark- provided that the oxide used has been 
able property o{ being able to give with- , free at the outset from metallic copper, 
out polarisation a duty of far higher The great, difficulty lies <*.n the deposi- 
force than corresponding n<*n-motallic tion of zinc. This metal is precipitated 
combinations; it seems that the surface I in a form which is not sufficiently 
of the iron must be charged with coherent, particularly when it is re- 
occluded hydrogen, which is carried 1 qmred to have moderate thicknesses, 
gradually as far as the oxide of copper, This difficulty may be avoided either by 
and thus assists the depolarising action precipitating the siinc on a very large 
in a continuous manner. ! surface of brass or amalgamated copper 

It remains to design some practical (on a mass of copper shavings for in- 
reversible batteries, having a large and , stance), or by precipitating it on a 
sinall^luty. When an oxide of copper 1 horizontal surface of amalgamated 
battery is exhausted, and a suitable brass, covered with an excess qf mercury 
current is made to traverse it, the and furnished wtth depressions for this 
oxygen at the positive pole is wholly metal to lodge in. Tub under part of 
absorbed by the reduced copper ; but if i this support is further covered ^ith an 
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insulator. The zinc can then only 
arrange itself on the surface, and as- it 
immediately amalgamates, the deposit 
heroines coherent, and can, without 
loss, furnislP a fresh amount of current 
by its dissolution. 

Moist. — Imprimis, it should always 
he borne in mind that the circulation 
of the liquid is of fundamental import- 
ance in electro-chemical generators, so 
that all so-called “dry ” (really moist) 
batteries necessarily fail in a most 
essential particular, and are even con- 
ceptually faulty : it is, therefore, 
clearly out of the question that a 
“ dry ” battery of a certain composition 
should ever he as efficient as a “ wet ” 
battery of the same composition, and 
the employment of a “dry” battery 
can only he excused on the plea of con- 
venience in handling — a plea that avails 
Imt in a few instances. Even if the 
operations of gilding and plating could 
a$ all h<^ conducted satisfactorily by 
the employment of “dry” cells, there 
would he no reason whatever for pre- 
ferring them to ordinary cells; as a 
matte* of fact, however, a “dry” cell 
is comparatively useless for such a 
purpose. It will undoubtedly ring a 
bell, and if large enough and moist 
enough it may do so for a long time ; it 
will also plate, but no one, except 
perhaps the “dry battery” manufac- 
turer, has found au advantage in having 
plating cells dry. The current of a 
dry cell is, moreover, very inconstant, 
and the internal resistance is high. 
(II. 0. L.) Being simple and con- 
venient, th$y naturally recommend 
themselves to the inexperienced amateur 
who will not think for himself. Such 
batteries only act as long as their 
packing is moist and chemical action 
possible. That action does not. last 
long, because the jew product which 
results from the oxidntiou of the zinc 
being practically a solid, cannot fall 
to the bottom* by its higher specific 
gravity, as it does in the liquid cell ; it 
remains where it is formed, and shields 
the zinc* against the .further action of 
the packing.* •Inventors pretend that 
the ugistG products arc absorbed and 


new moisture regenerated. That is 
impossible in a dry cell. The zinc 
cylinders of these cells offering a large 
surface, the chemical action must go on 
for some short time before all the mois- 
ture is neutralised ; so long a current 
will flow. Still, the non-removal of 
the waste product must speedily prove 
fatal to every dry cell. 

Regeneration can be effected in 
different ways: by passing a current 
through them and making them a sort 
of accumulator, or by diluting a solu- 
tion. But who will undertake that 
trouble, when the ordinary Leelanche, 
which costs not half as much, does all 
the work for more than a year without 
any regeneration ? True it is, that 
competition has brought the price ot 
tiie latter cells so low that it. scarcely 
pays to make them well, and that they 
often fail on that account. Respectable 
houses will always sell a proper article, 
because they know how to, and it costs 
no more to make. There are occasions 
when dry cells are very suitable. When 
you go out testing or bell-hanging, it is 
more convenient to carry a small dry 
cell than a liquid one, and even so with 
the medical electrician. In such cases 
lasting time is not of much importance. 

',A. C.) 

I made up a dry battery which was 
in use (5 months for bell ringing; and 
although of small size ami very simple, 
it is equal to two Leclanche cells. I 
cast a slab of plaster of Paris with a 
little oxide of zinc with it, mixing it 
with water as thin ns 1 could for it to 
set well, and when rim roughly set I 
dried it in an oven ; when dry 1 soaked 
it in a strong solution of chloride of 
zinc; and mixing a spoonful more of 
plaster with the same solution, I 
spread it over one side of the slab, and 
pressed a zinc plate on it before it was 
set. Then 1 did the same on the other 
side, and put on a plate of lithanode, of 
course leaving one end of each projecting 
for binding screws. A ftcr wards 1 rolled 
paraffined paper round the whole, and 
tied it up tight with string. Its sim- 
plicity, cheapness, and portability leave 
nothing to be desired as far as bell work 
L 2 
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goes, and I think it would be useful for appreciable wear taking place in open 
continuous-current work. (A.L.) circuit. Consequently, the battery is 

Radiy net' s . — Batteries with two li- constantly ready to furnish light 
quids, that is to say, with bichromate through the simple closing of a com- 
and carbon, with acidulated water in mutator. But, it is necessAvy to assure 
the external vessel and zinc in the as complete amalgamation of the zincs 

* as possible in order to prevent 
88. wear in open circuit. 

In order to fulfil this condi- 
tion, Kadiguet in the first place 
devised tin* anangoment shown 
in Fig. 88. The lower part of 
the zinc dips into a cup con- 
taining mercury, which gradu- 
ally rises on the surface of the 
zinc and presents local action. 
Owing to tins simple precaution, 
the zincs are capable of re- 
maining permanently in the 
acidulated water, thus permit- 
ting practically of having light 
at any moment whatever. The 
keeping of this system i^order 
is therefore reduced ,to the xc- 
newal of the acidulated water 
every week or fortnight, accord- 
ing to the service required of 
the battery, and to the renewal 
of the depolarizer every V or 5 
weekb. 

Jn order to render this system 
still more convenient and prac- 
tical, Kadiguet has devised some 
new apparatus, which do away 
lladiguet's 2-liquid battery. w ith the replacing of the zinc 

electrodes and the dismounting 
porous one, have the great, advantage of i of the batteries, by adapting a special 
much diminishing local action, and con- negative electrode and using a siphon, 
sequcntly the wear of the zinc. The which is primed and unprimed by blow- 
internal resist a # uee of the pile i*» in- ing, for the changing of t.hf,liquids. The 
creased by reason of the presence of the ordinary siphons are primed by suction, 
porous vessel, and so this kind of battery This method, which is dangerous in the 
permits of lighting but one lamp at once handling of acid liquids, has prevented 
per battery. 1 its application to the manoeuvring of 

One of the best, known models is the batteries of large discharge. The Kadi- 
8 element battery of Kadiguet (Fig. 88). guet siphon (Figs. € 89, 90), permits of 
In this battery it is necessary to change blowing with the mouth (without any 
the acidulated water of the porous fear of the liquids rising to the lips), or 
vessel several times before the bichro- , of employing blowing* .apparatus, such 
mate solution is exhausted : but if par- as rubber bulbs, &c., which, never being 
ticular precaution be taken in amalga- j in contact with the corrosive liquids, 
mation of the zinc, it will be possible last indefinitely. • Fig. 89 represents a 
to leave the latter continually immersed ( section of this siphon • dipping into a 
in the acidulated water without any | vessel from which it is desired *to rc- 
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tnovc; the liquid. It. consists essentially j It is easy to see that the apparatus 
of two concentric tubes. One branch of ■ may serve for the complete or partial 
the siphon is enclosed in a tube 1» of : emptying of a vessel of nnv depth by 
larger diameter, having at it-% lower j causing the length of th<- tube and 
pait an nriftce, smaller than the section branch A to var\. If, when the siphon 
of the tube A. At its uppei part, it i« 1 js in operation, it isde.sijod to stop it, it 
provided with an ajutage I*, comforted suriiees to blow in a volume of air greater 
with the bulb 1*\ through a flexible tube j than the capacity of the large tube B. 
E, When B is immersed in any liquid, 1 This air, forced through the tube A, 
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the level in the tubes B and A is the 
same as in the vessel. Things being in 
this state, if the tube B he blown into, 
the pressure abruptly increases, and the 
liquid tends to escape through two 
apertures — the lower orifice of B and 
the branch A of the siphon, into which 
it is forced thrtil the How through A 
(that if, the priming) takes place. 


j drives out the liquid and unprimes the 
| siphon. It will be seen, then, that 
through the same manccuvre it is pos- 
sible at any moment to e licet a flow or 
stoppage of a liquid, as convenieiftly as 
by the use of a cock, without having 
to touch the liquid, and whatever be 
the form and location of the vessel con- 
taining it. By means of this apparatus, 
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it is possible without disturbing a i 
battery of piles or accumulators, to 
empty any element and wash it as care- | 
fully as may l»e desired. j 

Hut the most original part of this new i 
style of bichromate battery is un- 
doubtedly the amalgamating support, 
for, a*, its name indicates, it permits not 
only of keeping up the amalgamation of 
the zincs, but also of using (instead of 
plates and cylinders of zinc of deter- 
minate size) shavings, scrap of all shapes, 
or spheres prepared especially for this 
purpose. 

This electrode is formed as follows 
(Fig. 91). Into a cup of porcelain, or of 


contains apertures that permit of the 
free circulation of the liquid. Its 
diameter is greater than that of the cup, 
so that the sulphate of z^ic may not 
fall 11 pou the surface of the mercury 
and finally put an end to the amalgama- 
tion. 

In Fig. 92 the mercury cup is con- 
nected with the central rod through 
two strips of copper containing aper- 
tures into which passes a pin that 
likewise t inverses the porcelain cup. In 
this way, all the parts of the electrodes 
are mechanically connected with each 
other and electrically with the mer- 
cury. 


91 . 




92 . 



^Radiguct's amalgamating supports. 

any other substance not attacked by If acidulated water be introduced into 
acid, there is put some mercury a porous vessel containing an electrode 

taining traces of zinc Above this cup of this kind, the following phenomenon 
is placed a copper receptacle fixed to a will occur : The mercury will rise upon 
hollow rod of the same metal. This is | the copper and zinc, and rapidly coyer 
designed to receive fragments of zinc of j them with a layer of mpreury, which 
variable form and size. The central rod will soon protect them "from the action 
constitutes the negative electrode, and o£-the acidulated water. If the* circuit 
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of the battery be closed, and it be made 
to discharge a current of normal inten- 
sity, the amalgamation will proceed 
during the operation. If the battery 
be made t# discharge a very intense 
current, the mercury will soon dis- 
appear from the surface of the *zim* ; 
when the battery ceases to discharge, 
the mercury will ascend the surface of 
the electrode again and protect it against 
the action of the acid. 

From the following experiment, due 
to Prof. Daniel, it is possible to give an 
explanation of these phenomena, width 
have hitherto been attributed to capil- 
lary phenomena not well understood. 

Jf, in a tube containing acidulated 
water, we place a drop of mercury, and 
through the tube puss a current of a 
certain intensity, the mercury will 
move along the tube in the direction of 
the current. There is a carriage of the 
mercury under the mechanical action 
produced by the current, and the velo- 
city of kfie mercury’s motion is so much 
the greater in proportion as the current 
is inteuser. 

Analogous phenomena must take 
plaeff in Radiguet’s battery. In con- 
sequence of the attack on the zinc, and 
of the currents produced within the 
battery, a transfer of the mercury 
takes place. liut., as the pellicle of 
mercury that has formed protects from 
chemical action the metal upon which 
it has deposited, the reactions can con- 
tinue to occur only in the parts not yet 
amalgamated*; consequently, the me- 
chanical effects of the internal currents 
of the batyery cause the mercury to 
rise progressive! } to the surface of the 
liquid, that is to say, until the uegative 
electrode is completely protected by 
the mercury from the attack of the 
acidulated water. 

Upon the whole, in this element, the 
internal currents, when any are pro- 
duced, lire utilised in the amalgamation 
of the zincs attacked, and that, too, the 
more quickly in proportion as the reac- 
tion is more energetic. Despite those 
important improvements, direct lighting 
by battened with two liquids is not yet 
per%t. As it is possible to supply but 


one* incandescent lamp per battery, the 
applications are necessarily limited to 
small spaces. Nevertheless, the im- 
provements pointed out are interesting, 
for it is not very probable that, in the 
future, mechanical energy will he cap- 
able of being utilised for the lighting 
of a« single lamp, and this application, 
niodist as it is, justifies the use of 
direct lighting by batteries. More- 
over, the combined use of the amalgamat- 
ing support and of the siphon primer 
by blowing allows of the batteries 
being left mounted for a relatively long 
time, without appi enable wear in open 
circuit. The maintenance is \ery easy, 
since it sulliees to thiow zinc scrap into 
the vessel from time to time, in measure 
as it is consumed, just as we throw 
coal into a stove, can* only being taken 
tt< stir the upper fragments and to brush 
j them, now and then, with a hair pencil 
1 (like the pencils used by artists) in 
j order to clean the surfaces of contact. 

; (iSW. Am. 

Menard * — lienard batteries belong to 
the chromic depolarising class, in which 
f ree chromic acid and hydrochloric acid, 
more or less diluted or mixed with 
sulphuric acid, are used. Each element 
consists of a cylindrical ebonite tube, a 
platinised silver electrode 1mm. thick, 
rolled into the form of a tube, and a 
noil-amalgamated zinc cylinder of a 
diameter about J that of the vessel. 
The complete substitution of hydro- 
chloric for sulphuric acid has permitted 
of quintupling the specific power of the 
clement. On making but a partial sub- 
stitution of hydrochloric for sulphuric 
| acid, we obtain attenuated liquids that 
give the same quantity of total electric 
energy, but with a specific discharge so 
much the smaller in proportion as the 
attenuation is higher. 

The liquid may be prepared with 
pure or crystallised or with commercial 
chromic acid. As the non-attonuated 
liquid is unstable and disengages chlo- 
rine, even at the ordinary temperature, 
it is prudent not to make the mixture 
until two days before it is to be used. 
Mixtures attenuated to 80 per cent, are 
more stable, aud can be prepared 2-8 
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months previous to use. All the 
liquids are prepared hy mixing three 
elementary liquids in variable propor- 
tions. Liquid A is a solution of chromic 
acid rout a in in ‘4, per litre, 5.40 r.c. 
chromic arid and 770 c.c. soft water. 
Liquid IU’l is a solution 01* coiinnereial 
hydrochloric arid made to indicate 18° 
B. Liquid U»S is nn aqueous solution 
of commercial sulphuric acid marking 
29° Ji (density 1 * 25 15). Jt is obtained 
hy mixing 450 gnu. of sulphuric acid of 
0G° B. with 800 c.c. water. The mix- 
ture of the two latter liquors forms an 
intermediate liquid called sulpho-hydio- 
chlorie, which is so much the richer in 
B<J1 liquid in proportion as on** desiies 
to obtain a greater specific power. r Tiie 
letter B, followed hy an index, devig- | 
nates a mixture of the two last liquids 1 
containing 1 per cent, in volume of j 
sulphuric solution shown by the index, j 
Thus, for example the liquid B SO ( 
contains 80 volumes of liquid BS and 20 
of liquid B01. The figure SO bears the 
name of degree of attenuation. The 
liquid used m the battery consists of 
equal volumes of the liquid A and a 
mixture of the two others. 

Whatever he the degree of attenua- 
tion, the electric energy obtained per 
litre of liquid is sensibly the same. It 
varies between 50 and CO watts- hour 
per litre. The duration of the dis- 
charge is more or le-.s prolonged, ac- 
cording to the degree of attenuation. 
This attenuation mav bo obtained with 
other products, sulphate of soda, for 
example ; but the specific energy i.s thus 
reduced. On arresting the discharge at 
the moment in which the intensity of 
the current falls to one-half of the 
maximum is obtained from 1 80,000 to 

190.000 joules per litre of liquid, and 

144.000 to 158,000 joules per kilo. On 
endeavouring to increase the total 
electric energy, Kenard has devised a 
liquid that gives as many as 2515,000 
joules per litre, which would reduce 
the necessary volume of liquid to 14*5 
litres y&r kilowatt-hour. But as this 
liquid contains 100 grin. CrO, and 200 
cx. per litre, it has the drawback of 
being very dear and slightly viscid, and 


of making the zincs sticky. Practically, 
the best liquid is that which contains 
19 >' > c.c. H< 7 and bo 

The battery generally has tbu form 
of a cylinder of a length *0 limes its 
diameter. Thi* form Iiun the advan- 
tage of facilitating the cool mg of I lie 
liquid, of diminishing the internal re- 
sistance, and of rcndciing the upsetting 
of the liquid more diilicult.. In the 
light batteries the reservoirs are of 
ebonite; in the stationary ones they are 
of glass or porcelain. 

J11 the pneumatic battery, designed 
for lighting (Fig. 9.1), the elementary 
vessels A are sealed to the cover of a 
large, tight vessel If, and the lower 
part, contains an orifice O of small 
diameter. Upon forcing air into the 
large vessel or collector by means of a 
rubber bulb <1, or of a pump, the liquid is 
made to rise in all the elements at once. 
A cock permits of regulating the im- 
mersion of the elements, and conse- 
quently, the internal resistance of tin? 
current. This arrangement is adapted 
to attenuated liquids only; with the 
normal liquid, tin; cooling would not 
proceed quickly enough. The ves. A L 
and the bulb </ serve to fill and empty 
the battery. The positive electrode :»f 
the light, batteries (Fig. 94) is formed of 
a tube of platinised silver 1mm. thick. 
The weight of the platinum on the two 
surfaces is about that of the silver, 
and its thickness is about The 

use of platinised silver greatly reduces 
the weight, the volume, and the in- 
ternal resistance of the elements. Oil 
account of the high price of these elec- 
trodes, carbon is substituted for them 
in the batteries in which attenuated 
liquids are employed and in which 
lightness does not play an essential role. 
In order to facilitate the free circula- 
tion of the liquid, and to exhauHt all 
the supply contained in the cylindrical 
vessel, the tube is split throughout its 
entire length to a width of a few mm. 

The negative electrode consists of a 
cylinder of zinc or noil-amalgamated 
zinc wire, whose diameter is about 
1 <>«°»o that of the vessel, and is calcu- 
lated to serve but once. This is guided 
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and held in the centre of the platinised battery by no means presents the thar- 
silver tube by several discs of ebonite, actors of a perfect can*. The variations 
Experience has demonstrated that in iu the temperature of the liquid, its 
chlorochromic liquids, ordinary zinc is alteration, and the diminution in dia- 
not so readily attacked as amalgam- meter of the zim during the discharge 
ated zinc, as soon as the proportion of | act mi as to modify the coustants of the 



A, elementary vessel ; B, carbon ; C, zinc ; T>, fastening of the zinc ; V, binding screw ; b, cock ; 
II, level of the liquid m the large vessel ; II' level of the liquid in the elements. 


chromic acid exceeds 180 grin, per c.c. 
of solution A. The amalgamation is 
costly, and rendersfthe zinc: brittle, and 
its suppression permits of the use of 
lead in the pneumatic batteries. This 
could not be done with amalgamated 
zinc, for the drops of mercury, flowing 
accidentally over the .lead, would soon 
perforate the %ivelo} 

Th^ discharge of a chlorochromic 


1 elements at every iustant. On another 
| hand, the liquid of the battery exerts 
| an important local chemical action 
j entirely independent of the electric 
. action, and in such proportions that it 
is necessary to always remove t^e zincs 
I from the liquid when the battery is not 
! in service. 

If it is desired to exhaust the battery 
! in a very short time, the local action, 
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which is proportional to the time, will potential is 1*20 to 1*25 volt per cle- 
have a very slight influence, hut the incur, whatever bn the temperature and 
electrical rendering will he feeble, as the degree of attenuation of the liquids, 
the diflercncc of potential at the termi- This normal potential corresponds to 
nals is low when the battery is giving a a normal current which characterises the 
large discharge upon a circuit with element. This normal current is itself 



Light chlorocliromlc battery. 


A, collection of 12 elements, weighing io kilogrammes and having a power of 220 waits; 

B, mounting o* the buttery ; C, platinised plate of silver rolled into a tube ; 1), zinc. 

hardly any resistance. If, on the eon- j a function of the temperature. Thus, 
trary, the discharge is small, the elec- j for a variation of 20° C., the intensity 
trie rendering will he excellent, but the j passes from 1 to 1 •(} for the non-attenu- 
local action will then become prepon- , a ted liquid, and from 1 to 1*4 for the 
derant, and will diminish the total ; liquid attenuated to 80 per cent. So it 
rendering. It will be understood that * is expedient to modify the degree of 
between these two extremes there is a j attenuation of a liquid with the tem- 
eertain discharge which corresponds to j perature of the season. A liquid at- 
thc maximum remitting. Experience teuuutcd to 80 per cent., which is excel- 
has demonstrated that such rendering lent during the surnirfer^ should he 
is maximum when the difference of ; replaced by a 50 per cent, liqrid for 
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winter, when the* battery is to be U"<*d 
for electric lighting. 

In the discharge of a battery of 21 
elements ill teuton, containing in all 
(j*;{ litres of liquid attenuated to 8<» per 
cent, and dihcharged upon three Swan 
lamps of 27 volts, and of 1*25 to l*:iu 
ampere, mounted in derivation, the 
power, aft* i a very marked syncope, at. 
first increase" regular!) for an hour and 
a half, and after w ards "lowly decreases. 
At the end of 2\ hours the electric 
power disposable is msiitlicicnt tu supply 
the three lamps. It ^ afterwards falls 
very rapidly. 

Taking, for a basis, the duration of I 
2* hours, t he total electric energy pro- j 
duced represents 5-17 watls-hour— say. j 
oh watts-hour per litre. We can do- | 
pend in practice upon 5t) watt vim nrs per 
litre — sa\, 20 litres per kilowatt-hour. 
Upon constructing tlie dillerent parts 
of tto battery with care, it is possible 
*to prothice apparatus that weigh but 
86 lb* per electric horse hour — sav 
88 lh. per kilewatt-liour, zincs included. 
Bv forcing the proportion of chromic 
acaji it has even been possible to 
obtain one horse hour for 55 lh.— sav 
one kilowatt-hour for 70 lb. With this 
rich liquid, a group of 12 elements, 
mounted by twos in tension and by 
sixes in derivation, weighed 22 lh. along 
with the frame. Each of these groups 
was capable of discharging 22 kilo- 
grainmetres (220 watts) per st eond at 
the end of Ip) minute"* operation — say 
22 watts per kilograinmetre. Taking 
into account the performance of the 
motor, it Requires four such groups, 
weighing 88 lh. altogether, to prod hop 
an effective power of one horse (7116 
watts) disposable upon the shaft. By 
reducing the dimensions of the elements, 
Rcnard has succeeded in constructing a 
battery of 86 ekmients, 20 mm. dia- 
meter, weighing 11 lb., and yielding as 
much as 1 *5 horse for 20-25 minutes, 
say 22 lb pe!* electric horse, and 55- 
06 lb. per horse hour. 

These figures establish the fact that 
chromoehlur^* batteries are the highest 
generators, of electric energy now 
knofcn. Despite the high price of the 


products used in them, they are capable 
of finding an application m all cases 
where lightnes." constitutes the main 
desideratum. 

Si Iht/'s . — In seeking for a form of cell 
by which the expense and internal re- 
sistance of porous pots could he avoided, 

1 arrived at a stoneware jar containing 
the usual bichromate solution plus sul- 
phuric acid, a piece of thin platinum 
wire clothed with pure black rubber, 
and a J-in. tube cemented to the wire 
at 1 in. from the bottom. The square 
inch of wire was then made into a flat 
spiral capable of picking up a small 
quantity of mercury (Fig. P5), the 
rubber tube being simph for insulation, 
so that the platinum should not affect 
the* result. On plunging this into the 
jar of solution, a good current was 
produced for a short time; when with- 
drawn for examination, it was found 
that part of the mercury "till adhered 
to the platinum wire, although action 
had ceased; a fresh dip of mercury 
restored the effect. On investigation I 
| found that the mercury had boon used 
with zinc, and was in fact an amahjam. 
The absence of zinc meant absence of 
effect. On this result a simple ami 
effective cell was formed (Fig. tn>). A 
small jar (2 oz. Liebig’s extract of meat 
jar) w*as divided off by a glass partition 
cemented in with bicycle tire cement 
(more expensive than Chatterton’s, hut 
much stronger for gmncless parti- 
tions, jointing parchment, paper cells 
for Lee lan dies, rubber, gutta-percha, 
shellac, and bitumexp reaching nearly 
to the bottom of jar; mercury is then 
poured in (dotted in Fig. 1*0) to form a 
“sealed joint ” to depurate the fluids; 
carbon on the one side of the partition 
(but suspend'd so as not to touch the 
surface of the mercury) in bichromate 
potash sulphuric add solution, and on 
the other side zinc standing in the 
inercurv in plain water to assist in 
counterbalancing the bichromate fluid 
on the other side, so as to require less 
mercury to make a safe joint. Of 
course the jar is represented wider 
than is really the case, so as to prevent 
confusion in the sketch. I was led 
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to this form by many circumstances, battery jar. Mercury is then poured 
among others by the peculiar way in in to form a “ water joint,” a paraffin 
which a zinc in bichromate battery lamp chimney with a “ crinkled ” top 


ye. 



was “ undermined ” where it was out- 
wardly protected by a cement which 
resisted the action of the dilute acid 
solution in the porous pot. 

For cheapness and handiness, glass 
tumblers or drinking glasses with what, 
are known as well bottoms (Fig. 97) 
would make up very handy cells lor 
experimental purposes. ! 

Further experiments led to a “thistle 
tube” of glass arrangement, the tube 
(Fig. 98) being bent in a gas flame as j 
shown, mercury placed therein, and i 
copper wire being passed down the \ 
stem into the mercury. This is simply 
placed in a jar of solution containing 
the carbon, but the mercury must 
receive occasional replenishments of 
small pieces of sheet zinc, which readily 
dissolve in it. The thistle tube is con- 
venient for lifting in and out, and it 
can be lashed to a spring clothes peg 
clipped on the top of the jar. 

liut for permanent use a small 
shallow pot of earthenware (such as 
Needhatti’s metal polish is sold in — Fig. (Fig. 99) is then inverted and passed 
99) has a round zinc rod cemented in down the zinc rod into the mercury, 
firmly, so as to form a means of lifting and filled with pure wate a- to counter- 
in a complete state out of the outer j balance the pressure of the torrowyling 
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fluid (bichr. potass 4* ac * sulph., usual 
solution), in which stands the carbon. 

This water remains purely free from 
any acidity for months, and by careful 
tests 1 fiiW that the addition of sul- 
phuric acid simply weakens the battery 



Selby's battery. 


by setting up a “counter" current. 
In the “porous pot form" the acid 
seems quite ' necessary to lower the 
resistance of the fluid, but here it is 
different. Qf course a preferable form 
to avoid risk oi cement giving way 
would be to make the glass and the 
dish in one (in glass), with piercings to 
ensure the continuity of the body of 
mercury iu contact with the zinc ‘and 
the bichrom. ac. fl^id. 

The thistle tube arrangement I do 
not like, owing to having to supply the 
zinc, and the surface of mercury is too 
small, but the other arrangements 1 
have tested for six months successfully. 
(Elec. Review). 

Selenium itts and Ilopkinson 
have,devise*d a new process for manu- 


facturing very sensitive selenium ele- 
ments in which the entire mass is 
influenced by light. This result is 
obtained by a preparation of the 
selenium itself, and the construction of 
elements whose sides are made of a 
material that conducts both electricity 
and light well. Several thin sheets of 
reheated selenium are enclosed between 
these sides, and it results therefrom 
that the cunent traverses the selenium 
in the direction of the light that strikes 
it ; and it appears that, owing to this 
arrangement, the changes in resistance 
caused by t he light (or, in oilier words, 
the property that selenium possesses of 
regulating light) become much de- 
veloped. 

The selenium is selected in as pure a 
state as possible, and is formed into 
sheets that are placed between blocks 
of a material to which it does not 
adhere. The selenium is softened by 
heat, so as to render it as thin as is 
judged necessary, and the sheets are 
afterward cooled under pressure. Two 
thin sheets of mica are introduced be- 
tween the selenium and the blocks, so 
as to facilitate the separation of the 
sheets of selenium and the blocks form- 
ing the mould. When it is desired to 
have sheets very sensitive to the light, 
it is necessary to make them so thin 
that they appear, before reheating, of a 
blood-red colour when they are looked 
at against the light. 

Kig. 100 shows the press employed 
for softening the selenium plates by this 
process. It consists of a heating box a, 
w T ith a door a\ and 1L strong shelf ?>, 
provided with a groove in which slides 
the piece b*. A screw n serves to exert, 
pressure, and c. f represents a support 
which passes along the sides of the box 
and over the shelf b. A gas flame d 
furnishes the heat, and a thermometer 
d f show s the temperature. The appar- 
atus is completed by a certain quantity 
of scrap iron, w hich equalises the tem- 
perature under the pressure pfctes &*, 
h 3 . These latter are placed upon a 
movable piece b\ and their position is 
so regulated as to make their centres 
coincide with the axis of the screw' c. 
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which then exerts an equal pressure. 
]*y this process the selenium is 
softened ami converted into sheets of 
the desired thickness. In order to make 
elements of these sheets, one of them is 
fixed (Fig. 101) in the centre of a rubber 

100 . 


r 
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Selenium element. 


wires are stretched between the me- 
tallic supports / /'. Moreover, movable 
shutters are sometimes placed upon 
the glass sides of the element, so that 
the light that strikes th«kn may he 
lated. 

101 . 



> V niuni clement. 


frame /*, provided Jon each side with 
metallic supports f f\ and tlie sheet is 
insulated from the latter by band*, of a 
proper material. On each side is a 
glass cover y y\ fixed to the rubber 
frame c by cement. The supports / aie 
connected with the wires f. 2 f 3 ami 
communicate thereby in itb the pile or 
the circuit of tlm-electric current. The 
two sides of the sheet of selenium dip 
into a transpaient conducting liquid, 
which is poured into the elements by 
means of tubes c c\ that likewise 


instead of a liquid conductor, sheet 
platinum, gold, or silver is sometimes 
us»'d as the electrode of the selenium, 
but this must be thin enough to allow 
the light to pass through it. (Joldleaf 
answer.^ very well, and, when used, is 
first wetted with alcohol, and the 
selenium is then placed over it, and 
afterward reversed so that pie gold shall 
he on top. The goldleaf is then spread 
smoothly by blowing over its surface. 

| After the gold has been connected with 
flic circuit, it is covered with glass ora 


serve for the exit of the gases formed 
through the ilectrolysis of the liquid. 
The light traverses the liquid and falls 
upon the selenium plate of* the element, 
and the current reaches the plate by 
the s^vme route. Sometimes wires 
placed at equal distances are made to 
pass through the liquid, in order to 
secure an equal distribution of the 
current in the liquid electrode. These 


transparent varnish, in order to fix it in 
place and protect it against accident. 

Fig. 102 represents a dry element of 
this kind that has given very g«od 
results, sc represents, the selenium 
between a metallic plate h and a piece 
of goldleaf *, to which a wire j of the 
circuit is attached. The. current in 
this case pusses from tin* entire surface 
of the goldleaf to the lower pla^e, and 
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traverses all parts of the sheet of 
selenium. This latter is entirely 
exposed to the action of the light that 



traverses the gold leaf. (/.< i Lumicro 
JJlcctrique .) 

Skrivct nof . — This is simply a chloride 
of silver cell, with caustic potash instead 
of chloride of zinc. Two of the cells, 
contained in chuiiite cases htnkled to 
the bjlt of the performer, keep a star 
light. going, and the light is readily con- 
trolled t oy the wearer. Km h o il 
consists (if a zu.c plate Kent into the 
foini of a tJ, and holding in its inside a 
plate of silver coated with chloride of 
si l vet. The zinc plate form* one pole 
of the cell and the silver the other. A 
solution of caustic potash — 7. r » parts 
potash to 100 water — is poured in, and 
as a porous diaphragm, the ehloiidcof 
silver is covered with parchment paper. 
f ll.e vessel is of chon i to, with closed 
mouth, which, however, is opened when 
fresh liquid has to he put into the coll. 
1 his is necessary after every hour’s run, 
and the chloride of silver has to he re- 
placed afte^.1 — t hours* use. The cell 
is thus expensive ; nut this is of minor 
importance in theatrical work as com- 
pared with its small size and weight — 
3J oz. 

filoantfs. -This battery. Fig. 103, is a 
vor y efficient and fjjmpl > form for open 
or closed circuit work. It. represents a 
favourite and recent type for such cells, 
and can be put together with the 
minimum number of tools and appli- 
ances. The cover is made of wood. If 
a circular vessel is* used, the cover 
should he cut fh a circle equal in dia- 
niete^to the outside of tho jar, and a 


shoulder should he formed to hold it in 
place and prevent lateral motion. Any 
number of holes, according to the size, 
are bored through it, one set for 
the reception of the carbons and 
the others for the zincs. Care 
should he taken to bore tlie.se boles 
truly vertical to the plane of the 
cover, and the hit user! should make 
a hole of exactly the right size to 
lit the carbon and zincs respec- 
tively. The tit must be a very 
tight one, so that the rods have to 
he driven into their plates with 
a mallet or hammer. 

r»r the positive elements, zinc 
rods, . Midi as sold for the I.ei lain he bat- 
ten, are used. Such rods can he bought 
ff- 8 1't. long and of uniform diameter. 
Piet es are cut oil of the proper length, a 
cold chisel, ha< k saw, «*r tile being used. 
A von easy way of dividing the rod is 
with men urv. A tine groove is filed 
around it. A globule of mercury is 
placed in a saucer with a little dilute 
sulphuric acid. A thin slip of zinc, or a 
strip of galvanised iron, is dipped in the 
mercury. Some adheres to it. This is 
then drawn around the cut, so as to fill 
it with mercury and amalgam. Then 
the rod is hrektu oil. either in the hand 
or in a vice. It becomes almost ns 
brittle as a pipe stem, 'ibis process is 
hardly to be recommended for the upper 
ends of the zincs. These have to be 
soldered, mid the mercury interferes 
with the operation to some extent. 

For negative elements, electric light 
carbons are used. The copper is dis- 
solved off’ by nitric nci£, they are washed, 
dried, cut t«» the proper length by a saw* 
or cold chisel, and their upper ends are 
soaked in hot paraffin. 

Loth elements are now driven into 
their respective places. With each car- 
bon a slip of copper Jin. wide is also 
introduced, and lies alongside, pressed 
hard against it and projecting about as 
much below the cover. As shown, a 
wire is carried around the outy circle 
of the carbons, and if soldered to the 
copper strips. If a central carbon has 
been used, a special connection is 
soldered to it and to the main wire. 
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The end of the wire is carried nj> sulphuric acid. After a few minutes* 
through a hole in the cover. A second immersion, the zinc will he ready to 
wire is soldered to the zincs, this piece amalgamate, and the rods will shine 
lying on the upper .surface of the cover, like silver after a few minutes’ rubbing 
I'oiiccntratcd hydrochloric a-id is the with the galvanised iron a. 41 mercury, 
best flux for the zincs. If desired, the The soldering may of course be dis- 

103 . 



Single fluid batten'. 


projecting end rtf the zinc connection 
may be secured to the wood by a staple. 
This is not necessary if the soldering is 
solid. 

To amalgamate the zincs, a strip of ' 
galvanised iron is far the best instru- 
ment. The end of such a piece, which 
may be 2 in. by J in., is bent into a 
hook, so as to fit the zinc rods. This 
is dipped into the globule of mercury 
as it lies under a little dilute acid, and 
is rubbed up and down the rods. If 
the mercury does not take hold at once, 
the zincs and carbons may be dipped 
nearly to the level of the cover in dilute 


pensed with. Instead of strips of copper, 
the ends of some pieces ot wire may be 
flattened and driven into the holes 
along with the carbons and zincs. By 
twisting together the ends of these, 
zinc connections and copper connections 
separately, the battery w r ill work per- 
fectly if care is takfcn to avoid short- 
circuiting. When it is made in a 
hurry, for temporary . use only, the 
paraffining of the carbons may be dis- 
pensed with, and the copper may be left 
upon their upper .ends. The Wires may 
be soldered directly to «lhis, although 
such connection is rather weak. 
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For bichromate solution, 2| oz. bichro- I 
mate of potash in fine powder are shaken | 
up in 10 11. oz. water. To this 2 J fl. oz. 
sulphuric acid are added slowly with 
constant stifring. Clreat care should he 
taken iu pulverising the bichromate of j 
potash, as it causes ulcers if inhaled. | 
For open circuit work, a solution of sal | 
ammoniac in iy he used. The ends of j 
burned-out carbons, such as are thrown ' 
away by the lamp attendants, answer 1 
perfectly for the smaller sizes of this j 
battery. I 

Mater. — Strips of zinc and copper, j 
each 2 in. wide, are soldered together j 
along their edges so as to make a com- 
bined strip of a little less than 4 in. w ide, 
allowing for the overlapping. It is 
then cut by shears into pieces about 
-J in. wide, each composed of half zinc 
and half copper. A plate of glass, very | 
thick and I ft. or less square, is heated j 
and edited with shellac about * in. | 
^lick, r iihe strips of copper and zinc j 
are bent Into the shape of the letter U, 
with the branches about } m. apart, and 
are heated and stuck to the shellac m 
rows,^he soldered portion being fixed 
in the shellac, and the two branches 
standing up in the air, so that the zinc 
of one piece comes within ^ in. of the 
copper of the next one. A row of 10 in. 
long will thus contain about 30 elements. 
The rows can he about in. apart, and 
therefore in a space 10 in. square nearly 
800 elements can be placed. The plate 
is then warmed carefully so as not to 
crack, and a mixture of beeswax and . 
rosin, which melts more easily than ! 
shellac, is thin poured on the plate to ' 
a depth of ^ in., to hold the elements in I 
place. A frame of wood is made around • 
the back of the plate with a ring 
screwed to the centre, so that the whole 
can he hung up with the zinc and copper 
elements below. When required for 
use, lower so as to dip the tips of the 
elements into a pan of water, and hang 
1! P again. Tho*space between the ele- 
ments being ^ in. will hold a drop of 
water which will not evaporate for 
possibly an hour^ Thus the battery is 
m operation jn a minute, and is per- 
fectly insulated by the glass and 


ceniont. This is the form l have used ; 
but the strips might better be soldered 
face to face along one edge, cut up, and 
then opened. (Prof. Rowland.) 

HVi/#)u*rs#7*. — The standard size con- 
sists of a rec tangular trough of ebonite 
or wood, in. by 11 in. by 13 J in., 
divided into 0 cells by means of ebonite ’ 
partitions. In each cell is firmly fixed 
a porous pot having a capacity of about 
1 qt., and lit ted with a short ebonite 
pipe ; all these pipes are secured to an 
ebonite pipe running the full length of 
the batterv, and fitted with an ebonite 
tap and a gauge-glass or level. It w r ill 
be seen that by ibis means all the 
porous pots are connected together, and 
can be quickly and easily emptied, w hen 
the solution is exhausted, by morel v 
opening the tap. In a like manner all 
the outside cells arc connected together 
and fitted with a tap. The general 
nrrrangcment lias been tru^Ie with a 
view to reducing the tunc required for 
charging or emptying to a minimum, 
and permits of the hnlteiy being 
charged or emptied in a few minutes 
without the liMiul disagreeable labour 
attending these operations. 

Two stoneware barrels, each having 
a capacity of G gab, are placed on a 
shelf above the battery level and fitted 
with stoneware taps, to which are 
attached lengths of rubber tubing. 
One of the barrels is filled with the 
exciting liquid, 1 of sulphuric acid to 
18 of water, the other with the new 
depolariser. When it is required to 
charge the battery, thc#tuhes are fixed 
on to the ebouitu battery taps, and the 
solutions allowed to How until they 
rise to the marked point, on the levels ; 
the battery is then ready for immediate 
work. When the solutions are spent, 
the battery taps are opened and the 
solutions allowed to tb>w away. 

The elements are zinc and carbon ; 
each cell contains two sheets of zinc 
placed in the outside cell, one on each 
side of the porous pot. The c*rbon 
plate is placed inside the porous pot 
with the depolariser. The carbon heads 
are well coppered and securely fixed in 
tinned brass clamps, into which^solder 
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is run, thereby making a perfect and 
lasting contact, and doing away with 
the constant trouble usually given by 
carbon contacts. The zincs are specially 
amalgamated, and if the current is not 
allowed to exceed the maximum for 
which the battery is designed, they do 
not require reamalgamating. 

The charge of depolarising liquid for 
the 6-cell battery of the dimensions 
given is 1 X pints ; the voltage in open 
circuit Id volts, and the working 
current for the best results 15 amj^rcs ; 
this current is maintained for 7 hours 
per charge. I>uri»g this tune the 
current is very nearly constant, rising 
for the first 2 -3 hours, then remaining 
constant for about 3 hours, and finally 
dropping slowly to the starting-point; 
these variations are very small. The 
total energy given out per charge is 
about 1300 watt hours, of which 750- 


! Two of the above batteries will run 
i ten H c.p. incandescent lamps, or six- 
teen 5 c.p. lamps for 7 hours, and if, as 
indicated above, the number of lamps is 
reduced, a further run of .12-4- hours can 
be obtained. It is specially suited for 
small installations, motive power for 
boats, lathes, dental machinery, &c. 

Bells. To ring white door is being 
opened . — (a) Fig. 104-. A is a spring of 
hard brass about in. thick and 1 in. 
wile, fixed on to architrave moulding 
of door frame; ]l is a similar spring 
fixed on to door; the connections are 
shown, r being short helix where the 
door hinges, to prevent the wire break- 
ing; I>, bell; E, battery ; F, switch to 
cut off when not u anted. 

(b) Fig. 105. A is a piece of wood or 
metal screwed on to door. D is made of 
, wooden bar let into the door frame 
: at top light-hand corner, supports a 



Bell to ring by opening door. 


800 watt hours are expended in the 
external circuit, or say, 230 watt hours 
per quart of solution. If, after the 7 
hours' work, the current is reduced, by 
reducing the number of lamps in cir- 
cuit to about 10 ampl*rcs, a further run 
of 3-4 hours can be obtained, giving a 
total energy per quart of depolariser of 
300 watt hours. 


j wooden rod E wlvch carries the brass 
screw (\ II is a piece of watch or 
j small clock spring bent, and then 
• hardened at a right 'angle; a hole i* 
drilled (or punched) while soft, and the 
spring, well brightened, is screwed on 
to the block as shown. f .When the door 
is opened, A presses the spring B against 
the screw C, and when returning to its 
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place A presses R away fmm C. Thus 
the bell will only rins? when door is 
being ojiened. The block may be <> in. 
long, and A m;i) be made of .steel spring, 
which givedNonger contact. 

Carbons. — Max Nitsche-Niosky re- 
commends the following: Good toke 
is ground and mixed with coal-tar t« * a 
still' dough, and pressed into moulds 
ma«b of iron and biass. Alter drying 
for a few days in a dosed place, it is j 
heated in a furnace where it is pro- 
tected from the diicil ll. lines, and 
burned, feebly at Hist, then strongly, 
the fire being giaduallv raised to white 
beat which is maintained for ti-H bonis. 
The fire is then permitted to slowly go 
down; wlieii perfect Jy cold, the caibon 
is taken out of the furnace, (AVi/. 
J'rfiml.) 

The best way ir. to buy them ready 
cut from retort ?mrf; but the follow- 
ing n^y be useful : — The >i/o of the 
carbon if the tn>t flung to determine, 
rirst satisfy \ ourself as to the si/e you 
wish to make it, and when made let it 
remain so. Taki, for instance, a caibon 
for ugj* in an ordinary 5 by 7 Fuller or 
i Bunsen battery. Make it, say, ‘2 by 
in. Procure two pieces of sheet 
iron or brass, preferably brass, but the 
former will answer, by 10 in., not 
less than J in. thick and perfectly tint. 

I hen make, or have made, from a rod I 
of metal in. square and about 22 in. I 
long, a rectangular frame of three sides, j 
whose internal dimensions will be 2 bv I 
10 by i in. or Yhercahouts. These three ! 
pieces constitute the mould, and in order 
t.o complete 4^, it only rein. tins to place 
the U-shaped frame between the two 
plates, fastening the whole firmly to- 
gether by means of screw clamps, and 
you will have an oblong box, open at 
one end. See that the parts fit as 
closely as possible, , [Next pulverise in 
an iron mortar a quantity of gus-ietort 
carbon or common coke, taking rare to 
have a little itfore than is sufiicient to 
hll the mould. The finer the coke 
powder tjie better. Place it in a glass 
or earthen wajro dish, rtnd pour upon it 
a quantify of syrup or dissolved 

sugar# Mix and knead the mass tho- 


roughly with the fingers, adding by 
degrees a little of the syrup until it 
he<omes sufficiently moiat to bind well 
when pressed together. Set the mould 
on end, drop in enough of the mixture 
to fill it about -i, and stamp it down 
lightly with a ] in. rod. Continue the 
the operation until the mould is full, 
then get a piece of wood or metal nearly 
large enough to tit the mould for use as 
a rammer. Phn e one end in the open- 
ing, and strike it smartly with a mallet. 
The mass will be driven down about 2 
in. and tightly compressed. With a 
little water mix up Mime plaster of paris 
to the consistency of dough, and press 
it into the opening, having previously 
| renamed the jammer. Force it down, 
and continue adding the plaster till the 
end is thoroughly closed. The contents 
of the mould aie now ready for the 
44 carboniMiig ’* process. Make a good 
coal lire, place the mould upon it and 
e\puM* to a red heat for an hour or 
moie. Allow it t«> remain until the 
lire has gone out. When cold enough 
to admit of being handled by th« 
fingers, remove it, and if the experi- 
ment has been properly conducted, you 
will find the caibon complete. It is 
true tli.it a caibon made in this way is 
not so dense as the commercial article; 
but for ordinary battery purposes it 
will be found equal to auv, and all that 
can possibly be desired. (/.»*/. Mcch.) 

Jaeqiielain dost nl»es three mol hods of 
purifying carbon. 1. Treatment with 
dry chlorine at a high temperature. In 
this way silica, alumina, magnesia, 
alkalies, and metallic oxides are re- 
moved as volatile chlorides and the 
combined hydrogen forms hydrochloric 
acid. The carbon should be cut into 
sticks before submitting to t lii^ process. 
The vacuities left in t ho carbon after 
treatment with chlorine may be tilled 
up, and the mass made compact, by 
beating in a closed vessel with some 
hydrocarbon such as heavy coal oil. In 
the course of a few hours a sufficient 
deposit of carbon will have taken place. 
2 . The carbon may be treated in an 
iron vessel with fused caustic soda. In 
this way alum mates and silicates are 
SI 3 
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formed, and may be removed by wash- ! ordinary electric bell. The mechanism 
ing. Dilute hydrochloric acid is next comprises an K-tootlmd ratchet wheel 
applied to dissolve oxide of iron ami earning 4 pin*. The button itself 
earthy bases, and the carlmn is finally ( carries a pin that extends to the teeth 
washed with distilled water. .'1. By of the ratchet wheel. E.vp 4V time the 
immersion for ‘24 hours in hydrofluoric button »* pressed, the ratchet wheel 
acid diluted with twice its weight of advances one tooth, from left to right, 
water, carlxm may he ctlicientlv puri- and makes J revolution. Under the 
lied. The danger accompanying the button is a spiral spring that has the 
use of hydrofluoric acid is an objection elfc< t of pushing it out as soon as the 
to this method. These three processes pressure is removed — the ratchet wheel 
are applicable to gas-retort carbon or keeping t lie position that it has obtained, 
to Russian graphite. The author has The 4 pins, through the revolution of 
also prepared pure graphitiudnl carbon the ratchet, wheel, press in succession 
from heavy hydro* arboiis. Jt is of against a horizontal strip of brass, firm- 
excellent ipiality, but he is unable to • ing a spring that alternately opens and 
state its relative cost. Jl“ noi«*s that closes the circuit, according as one of 
natural graphite from Siberia irives the pins is or is not opposite the slightly 
twice as bright a light when punlied as 1 curved part of the strip. Fig. I0f> re- 
when used in its natural state. presents the button in the open circuit 

Co mm utators. — (o) Fig. ion re- position. To pro vent the ratchet wheel 
presents a small, practical apparatus by from moving backward, a second flat 



Kalonion\s coir mutator. 


Salomon. It is designed to open and spring engages with each tooth and 
elose a circuit successively by one and holds it in place. 

the same manoeuvre, and is particularly (M An elegant device has been got up 

applicable to the lighting and ex- by Orangier, of Dinard, for the purpose 
tinguishing of lamps or to continuous of lighting or extinguishing a lamp at a 

electric bells. It has the appearance distance, from any number of points, 
and dimensions of the button of an 1 by the sole aid of a button #nd two 
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W The principle of it is very [ 
simple. It consists m actuating the i 
electro magnet, of a relay commutator I 
by pressing upuli one of these button*. 
The nintiouarf the nrmat lire revolve* a 
ratchet wheel J revolution at each 
mameuvre. Tli-is re volution is utilised 
for effecting contact* through the ail 
of two sprirgs that press againd lue- 
tioii rollers provided with parts that me 
successively insulating ami coinlm nng, 
thus effecting an opening anil closing of 
the circuit connected with the two 
springs. 

Automatic. — (c) The object of this 
apparatus, Fig. 107, also by Salomon, 
is to permit of effecting, in a certain 


before it has to be wound up again, but 
it is unnecessary to say that such a 
limit is not absolute, and that it depends 
solely upon the proportions of the ap- 
paratus and the weight of its spring. 
*1 he apparatus consists of a clock-work 
movement, whiih, i very i‘*0 seconds, 
every in'uiite, or moio, according as 
need In*, is t hi own into gear and causes 
the i evolution of an axle [, J, or * turn, 
ai cording a* 4, (J, or 8 series are used. 
Tin-* lot.irv motion changes the com- 
munications of the external circuit, 
puts a new series in circuit, and re- 
moves that which has just updated. 
This result is verv easily obtained by 
means of metallic lingers iixed spirally 


107. 



Automatic commutator. 


measure, a nearly constant lighting by • upon the revolving cylinder, and which 
Leclnnchd pi I eft, through a method of ^ come successively into contact with 
automatic substitution of several series ! springs, ‘2, 8} 4, 5, 6, 7, that counriuni- 
operating one after the other, and de- i cate with the positive poles of the 
polarising thcmselvesTduring the peri oil j different batteries, the negative poles 
of rest. The* apparatus, when once being connected with a common return 
wound up, gives 2700 commutations ; circuit. 
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In order that the comm ut at or may ! 
nut work while tin* piles are not operat- 
ing, an electro-magnet is placed beneath 
t ho revolting cylinder. As long as the . 
lamps are out., the clock-work move- i 
meat is locked ; hut as soon as the '■ 
lamps are lighted, the electro-magnet ! 
attracts its armature, which throws tin; j 
clock- woi k nmveim ut into gear, and j 
the purely mechanic il function of tin* | 
commutator can then he produced, j 
According to Salomon, if u • >n]>l require 
d batteries of a special model to seeuio 
a continuous lighting of lit delimit; dura- • 

tion. at the rate of 1 ampere, 1\» volt 
per element, in making commutations 
every 3<) second". thu» leaving 1 .">• » } 
seconds of l’c^t between two suaV'M\e | 
period* of w ork. 

Salomon’s comnritator, by moan* < 
slight, mo'liin atoms, m.av in* utilised j 
with ad\ anlage for an analogous >ei\i<u 
— that of the charging of a senes of] 
accumulator- through a small number 
of elements (bii hnmiate or "ulplial e of J 
copper). The commutator .should, say 
every J hour, make the charging pile 
pass automatically from one series to 
/he other, and thus perform, systemati- 
cally and nicthodh ally, a maiKcuvre 
hitherto ellected by hand, but quite 
irregularly. 

In his last arrangements of the chlo- 
rine pile, Upward uses an apparatus 
whose function i.s exactly the same as 
that of the one just described, but its 
high price leads vis to believe that tin* 
►Salomon arrangement, slightly modi- 
fied, would solve the problem in a 
simpler and more economical manner. 

Galvanometer. —To every worker 
in physics or electricity a good and | 
reliable galvanometer is a prime neces- j 
sity; but the prices asked for such by 
instrument makers often constrain one 
to get along with some rude and im- 
peviect makeshift. I Jut at a merely 

trifling expense, an instrument may he 
made which shall be equal in perform- 
ance. fcj any that can be 'bought, and 
which requires but little mechanical 
skill on the part of the maker. 

Procure 1 ft. of .‘J in. brass tubing, 
o in. of 2* in. tubing, (i discs of brass 


plate 3 in. diameter, and a piece of 
hardwood plank, or, better, vulean’tc, 
the latter to serve as a base to « 
finished instrument. From the 3 in. 
tube saw' a piece ‘Jj in. loffg and nicely 
square its end*. This ib for the body or 
barrel of the galvanometer. Crosswise 
of this, and midway from either end, a 
slit 2 in. long and * in. wide is next to 
be made. 

Now take the L\ l , in. tube, and with 
a broad half-round lib* fit one end of it 
to the side of the barrel — a rather diffi- 
cult teat for a nowce When fitted it 
is to be soldered in place, immediately 
over tin* ."lit in the barrel. In this and 


1(M. 



Galvanometer needle. 


K, aluminium wire; A, mirror; NS, mag- 
netic system ; F, silfc lifore ; i£ K, dragon Hy 
w ings. 

subsequent, operations 6f soldering the 
joints are to be “sweat* together, that 
is, the picies are bound in place with 
wire, plumbers’' arid ami solder put 
around the joint, and tne whole heated 
in a lamp until the solder flow* into 
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the* joint, when it may be “wiped” 
with a piece of cloth. Thus is formed 
the standard of the instrument, which 
serves to support it upon its base. To 
this end a ilug of wood may be driven 
firmly into tne open end id* the standard, 
iiud a large screw passed up through 
the base into it, thus binding tin* two 
together. The base may be turned or 
finished in any form to suit the taste of 
the maker, and it should be provided 
with levelling screws threaded 

through the base itself or through 
pro jecting arms of brass. 

At the central point of the top of the 
barrel drill a small holt, and im*r the 
hole solder a brass ferrule for holding a 
glass tube, which last is to carry the 
suspension arrangement. Now take 
pi of ,'l , tuhi 

saw from it two rings, each * in. wide. 
After smoothing the ends of these, slit 
them open and takeout a small portion, 
so tWH they may just be sprung into 
•the barrel. While in this position, with 
a little projecting, one of the discs is to 
be laid upon either ring and secured by 
soldering. Thus are formed two shallow 
cupjffor containing the coils. Through 
the centre of one of these cups make a 
lode J in. diameter, and also in each 
cup two tine holes, one near the cir- 
cumference, the other near the centre, 
for passing out the terminals of the 
coils. In the cup having the large 
central hole, the small hole is to be 
made close by the edge of the large one. 

The coils -themselves may next be 
wound. Make a spool of wood, 1 in. 
between the heads, and having its core 
J in. diameter at one end, J in. at the 
other. The spool head on the smaller 
end of the core is made removable, so 
that the coil when finished may be 
drawn from the spool. Pin the spool 
to any convenient support with a large 
screw*, and insert ?i peg near the margin 
of the free head, to serve as a handle 
for turning Ijio spool in w inding the 
coil. The wire to be used will depend 
upon the purpose for which the instru- 
ment is“ to be employed. No. 24 to 28 
wire is goodofor geueral purposes ; but 
the general worker will lind it advan- 


tageous to have three sets of coils of 
No. 16, 28, and .‘ill wire respectively, 
and it was that other cups and coils 
might be made at leisure that the extra 
tubing and discs were provided. 


109. 



II, sliding wire for adjusting needle ; F, silk 
111 »re ; N, glats tube. 

Before winding, the wire is to be 
cooked in hot paraflin until ail air is 
driven off. Make a small hole through 
the spool head close to the larger end 
of the core, pass on# end of the wire 
through this hole, and then, guiding 
the wire with one hand and turning the 
spool with the other, fill up the spool, 
making the winding as snug and perfect 
as possible. To permit of adjustment, 
the outer diameter of the coil should be 
a trifle less than the diameter of the 
cup that is to coi^ain it. Carefully 
take away the removable spool head, 
and without disturbing the coil give it 
a thin covering of solid sheila Apon its 
exposed face and edge. The shellac is 
melted and neatly smoohed upon the 
.•A)il with a hot iron. The coil may now 
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ho most carefully removed from the 
spool, and its other face, as well as the 
portion w it h in the eomcal hole, coated 
with shellac as above. The second and 
subsequent coils are made in the same 
manner. The coils an* lived in the cups 
by pouring melted rosin about them, 
iirst taking care to pass the terminals 
through the holes provided lor them. 

The needle or magnetic system next 
demands attention, and it will test the 
skill of the beginner. A piece of No. 
lb aluminium wire, .‘1 in. long, is 
flattened at either end for ,J in. of its 
length, and through one end a minute 
hole is pierced. A stall' for carrying the 
magnets and mirror is so fonmd. For 
the magnets procure a rather wide 
watch spring, anneal it well, and hie or 
grind a portion oi it until it is made as 
thin as newspaper, about *07 mm. 
Cut from this 12 pieces, each Jj in. long, 
and roll them about a steel wire into 
little hollow cylinders in. diameter. 
(Some manufacturers use short flat 
pieces of narrow watch spring for this 
purpose). 

The 12 cylinders are then to he 
dipped in a strong solution of potassium 
ferrocyanide, heated to bright redness, 
and suddenly plunged into cold mer- 
cury. By these means they are made 
extremely hard, and will retain a very 
strong magnetic charge. To magne- 
tise, string them on a wire, and put in 
a solenoid through which the strongest 
available current, preferably that from 
a dynamo, is made to pass. 

On little square scales of mica ar- 
range the magnetf in two sets of beach, 
taking care that in each set the poles of 
the individual magnets shall lie in the 
same direction. Secure them upon the 
mica scales with a very little shellac 
varnish, and in the same way the mica 
scales upon the .staff, one at either end, 
being very careful that the combined 
polcj* point in opposite directions in the 
two sets of magnets. In front of the 
magnets near the upper en^of the staff 
(the eiri having the minute hole) is 
placed a mirror, and fixed witn shellac. 
These mirrors may he bought for a 
small sum of the dealers, or easily made 


by grinding very thin a piece of plate 
glass alid silvering its unground side. 
The ordinary microscopic cover glasses 
are rarely perfect enough to be used as 
mirrors. Our needle nov^„ needs only 
the addition of a pair of dragon-fly 
wings, in the position indicated m Fig. 
108, to make it complete. These wingS 
bring the needle quickly to rest after a 
displacement. 



Se ction of Galvanometer. 


galvanometer l»rrcl; MM, coils; A» 
mirror ; It M, magnetic system ; C, lens ; T, 
tube for standard ; N, glass tube; R, alu- 
minium wire ; X X, terminals of coils. 

A glass tube 10 in. long is now to be 
fixed upright in the ferrule on the top 
of the barrel. A little sulphur melted 
upon the heated end of the tube accom- 
plishes this. The top of the tube must 
be provided with an arrangement for 
suspending the needle. Fig. 109 shows 
how this is made. Another ferrule fits 
the glass tube. On it rests a small 
plate of sheet brass, which is perforated, 
and through the latter a split tube 
passes, grasping a wire, and moves in 
the tube with gentle friction.^ The 
ferrule, the plate, and the split tube 
are united with solder* To feusperyl the 
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needle, remove the sliding wire an<l to j 
its extremity attach with varnish one ’ 
end of a long fibre of silk, such as may : 
l>c drawn from white embroidery silk 1 
or a whit%&ilk ribbon (uuspun silk I 
fihri is preferable for this purpose, but ' 
the twist e I fibre may be straightened j 
by steaming), l'ress a little ball of wax j 
upon the free end of the fibre, and droji j 
the ball down through the split tube j 
into the galvanometer barrel, and push j 


lu r ^ fi 
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The Telescope. 

T, papor tube \ I\ draw tuK»; L, It lit* , W, 
wne. 

the wire in place. The end of the fibre 
in th> barrel can now be caught and 
•thready! tlnnujh the hole in the needle 
stall', secured, vMa the w ings put through 
the slit at tno bottom of the barrel, 
where they should swing freely in the 
tulxf below. The coils can now be 
pushed into place, the coil having the 
largo hole being the front one. In this 
hole a spectacle lens of 4 ft. focus, 
ground to a fit, is to he cemented. The 
suspension wire is moved up or down 
until the mirror is seen to occupy the 
centre of the coil. Two of the coil 
terminals are to be joined so that the 
current may circulate in the same 
direction in each coil, and the other 
two are concerted to screw posts upon 
the base of' the instrument. 

A small l)ar controlling magnet is 
provided, either upon a separate stand, 
or it may be attached to the glass tube 
with the aid of a split cork. The in- 
strument itself is now complete, except 
some means for reading its indications. 
The following simple device accom- 
plishes that purpose better than the 
most elaborate and costly telescope and 
scale. ^Procure one of those lenses sold 
as reading glasses. It should be about 
«I in. diainelePand 6 in. focus. Make a 
stiff ^ube bf paper 12 ft. long, 3 in. 


internal diameter. The tube should he 
furnished with a telescopic slide at on; 
end, and in the slide a peep hole. The 
lens is to be fixed in the tube at its own 
local distance from the peephole, and 
opposite tin* peephole, also in focus of 
tlie lens, a line wire or spider line is 
stretched. Fig. Ill) show's the device m 
section and will make the details clear. 

A scale of equal parts printed or 
marked upon paper and attached to a 
strip of hoard is the only remaining 
detail. The telescopic device i.> secured 
so as to point directly at the galvan- 
ometer mirror, about fi ft. distant, and a 
tew trials will enable one to place the 
scale so that a distinct \ lew of the divi- 
sions may be had upon looking through 
the telescope. liemember that the 
stale is seen retlected in the swinging 
mirror, and there will be but little 
difficulty in securing the correct ad- 
justments. 

An instrument made In the writer in 
the foregoing manner, though it has a 
resistance of only ohms, gives a 
deflection of divisions of its scale 
through a resistance of 250, Ooo ohms, 
the current being furnished by a single 
Ikum-lTs cell. It can be made without 
a lathe. There is but a single screw 
about it, and the w hole cost of con- 
struction need not be more than 
lo-llht 

Lamps. — 00 A very good form of 
lamp can be made of a 3 neck globe, to 
be procured at the chemical apparatus 
shops, in the shape of Fig. 11*2 : a is the 
globe and h two of the necks, which 
should he fitted witfc corks, drilled to 
receive pieces of No. 1 brass wire, and 
then cemented in. Fig. 113 shows one of 
the brass wires drilled about -J in. down 
to receive a length of carbon, and a hole 
at the other eiid to fasten the connect- 
ing wires to. A piece of very fine 
carbon is inserted between the wires 
(about I in. Jong byV n ■»•) leaving J in. 
exposed. The globe is tilled with nitro- 
gen by buraing out the oxygci^ in the 
following manner: — A stopcock is 
cemented into the third neck and then 
screwed into a capped gas.jar, which is 
placed in a pneumatic trough with a 
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TABLE III. — Cost of I0,ooo-Li<sur or GOO-Kilowatt Plant. 


A.T. — Altkrnati no Transformer 

DlSTRIHlTlUN. 

Generating station, buildings, £ 
chimney shaft, water tanks, 
anti general fittings .. .. 11,000 

Dynamos and exciters — 8G5 
kilowatts, including spare 
sets, divided as convenient.. 10 

Motive power, i.e. engines, 
boilers, steam and feed con- 
nections, belts, &c., at 8/. 12s. 

per I II. P 12,170 

bOO transformers, i.e. one to 
every pair of house.", at 10/. 

each .. .. 7,000 

2000 yd. primary or charging 
main, exterior to area of 
supply, at per 100 yd. f>,100 
2U,Oi)0 yd. distiihuting main, j 

50 mm. sectional area, at 
01/. 7s. (see Table I.) .. .. 14,270 

Regulating gear 000 


£.">7,440 


11. T. — Ace i; m it l ato r Tr a ns form e ft 
DisminirrioN. 

Generating station, buildings, £ 
chimney stack, water tank", 
and general fittings .. 8, <>00 

Dynamos — Goo kilowatts, in G 

sets of lo ) kilowatts each .. 4,800 

Motive power, i. e. engine , 
boilers, steam an 1 feed con- 
nections, &e., at 8/. 12s. per 
UI.P 8, GOO 

4 groups of accumulators, in 
all 2-10 celD, m serie**, at 40/. 
per cell, including st amis .. 9,G0o 

2ooo yd. charging main, at 
.'»oG/. 17s. G(/. per 100 yd. 

(see Table II.) 0,137 

20, 000 yd. distributing main, 

101 -2b mm. sectional area, 
at 100/. 12s. (hi. (<ec Table 

11.) ^0,l2b 

Regulating gear • 2,50O |t 

V. £T>9,7 02 


TABLE I V r . — Working Expenses and Maintenance of 10, 000-Light, «;>k 
Goo-Kilowatt Plant. 





A.T. 

! 

! 

1 

i 

! 


B.T. 


Materials — 

£ 

s. 

d. 

I £ s. 

c /. 

: 

£ 


d. 

£ s. 

d. 

Coal: 41180 tons at 17s. 

3,723 

0 

0 



, , 



.. 


,, 2«>.»0 „ 17s. 

Oil, water, and pettv'| 

• 



•• 


2,1G7 

0 

0 

•• 


stores: lbOo hours at) 

92b 

n 

0 








7s. G d. + 7520 \»our.s[ 






•* 





Oil, water, and petty! 






350 

0 

0 



stores : 1400 hours at bs. f 
Total cost of material . . 

Labour — 




4,G48 0 

0 


2,517 0 

0 






4 




2 foremen drivers at 4bs.,! 





i 






6 drivers at 30s., 9 lire- ( 

1,388 

Q 

0 








men at 24s. ; sundry j 

O 

* # 




* 



labour , j 

1 foreman driver at 4bs.,j 

# 








• 


2 drivers at 30s., 3 fire- 1 
men at 24s.; sundry j 

• 

• 


• # 


975 

0 

•0 

• • 


labour J 
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AT. 

B.T. 

* 

| 

JL* x. d. | 

1 

£ s. d. 1 

! i 

1 £ s. <1 . ; 

£ x. d. 

Brought forward .. 

& dimes — 

1 chief at 500/^2 assist- J 

1,388 8 U ; 

4,048 0 o 

975 0 0 

2,517 0 0 

ants at 2 00/, each, 4/ 
( lerks at 80/. each ..j 
1 thief at 5(H)/., 1 assist -j 
ant at 2iK>/., 4 clirks at > 
8<»/. each .. .. ) 

1/22*1 0 0 

! 

i 

i 

2,0< *8 8 0 

1 1,020 0 0 

: 1,905 0 0 


mnnimanct / mm — | 

Motiu* power and dyna-| 

1110 s : 10 per rout. on* l.sol 0 

18,010/ | 

Motive power and dyna-J 
urns; 10 per cent. onv 
13,400/. 


Buildings and fittings 


030 () 0 


75*> 0 0 


3 per hyt., <m 11,000/. / 

Building^ and fit rings:/ 

0 per cent.. <<n .. f 

Transformers: *10 per) 

cent, on 7300/ j 

AenmTulators : 15 perl 

* cent, on OOtMt/ J 

Mains: 7J per cent. on\- , . ai) r 

20,430/. f '* 1 

Main*!: 21t per cent. on\ 

20,202/. J; 

Regulating gear: 10 perl r , n 

cent, on 500/. .. .. f **' 1 1 

Regulating gear: 10 perl 
cent, on 2500/: .. ,.j 


2100 units x 365 days = j 
i 60,500 units. Cost per 
unit .... 


4,083 3 0 


1,340 0 o 


400 0 0 


1,440 0 0 


050 10 0 


250 0 0 


11,030 13 0 


3 75*/. 


4,080 10 0 


8,598 10 0 


*2 'Id. 


(K. K. B. Crompton.) 


piece of phosphorus on a little stand 
(Hg. 114), When all is ready, the P is 
lighted «by a hot wire, the jar placed 
°ver it, and tl^ stopcock opened. Phos- 
phoric acid is formed, which eventually 
dissokres in the water. When the globe 


is quite clear again, shut the stopcock, 
and unscrcfc the globe from iiie jar. 
Jt can then be screwed to any of the 
gas brackets, and insulated wires run- 
ning inside or outside the gaspipe from 
a battery of at least 6 large Bunsens. A 
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very fair light is the result, increased of negative, which takes 4 in. These slide 
course hy the number of cells employed in tubes, A being the heavier ; F <! E is 
(Fig. 115). The globe can be bought at a lever with its fulcrum at C, the 
Jackson’s, 65, Barbican, for about Is. cud E being half as long as F. The 

K end is rom.rted by an 
113. ii4. ivory or bone connecting- 



iforne-madc lamp. 


rod to B, as shown, and the 
end of F by similar means to 
F from E. < )n the negative 
carbon-holder bangs an iron 
cylindrical weight, which 
slides easily in the coil 
t*. When no current is 
passing, the carbons touch ; 
but w hen the current is 
switched on, tin- iron weight 
is drawn down the coil, and 
the electric arc is formed. 
On the current becoming 
weaker, the positive car- 
bon falls, forcing up the 
negative half the distance 
by means of the lever 
F C E. This rest or /''Luc are, 
and the ci rhons locked" 
bv the cAj. Any other 
arrangement may be em- 
ployed to lock the cjrhon, 
the chief point claimed for 
this lamp being its sim- 
plicity. (0. Crawford 
Cory.) 

Microphone. — Fig. 
117 is a microphone which 
any person who has the 
materials at hand can easily 
construct for himself. The 
vibrating plate A consists 
simply of a visiting-card of 
medium thickness cut 
square. Such a shape is 
much better than round, as 
the latter, although more 
elegant in appearance, does 
not give so good results. 
To this card arc affixed by 
means of sealing-wax 3 thin 
and light discs of carbon 


BBB of the kind used for the 


(b) IJig. 1 16 is a regulator lamp of my electric light. These 3 discs occupy syni- 
own design, and which works very well metrically the 3 apices of an equilateral 
indeed (the box is removed for clear- triangle, and are put iuto communion- 
ness, ; A in the positive carbon-bolder, tion by means of copper Vires b. With 
which takes 8 in. of carbon, aud B, the this object in view, a small aperjurc is 
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funned in each disc, and into this is the latter it passes through the wire b, 
fixed the extremity of a copper wire into the disc BB, to return to the 
cither by cement or friction. The terminal 1), in traversing the two rods 
copper may be advantageously replaced (’C. 

by platinum* Finally, the II wires are This little instrument will prove very 
united. sensitive to the voice and all noises, 

m. 



The rest of the apparatus consists of 
a square wooden base M, which supports 
•j prismatic carbon rods OCC, that 
exactly correspond to the 3 discs BBB. 
The two rod* CC communicate by copper 
or platinum wires dd with the same 
terminal 1). The third rod C communi- 
cates alone with a second terminal I>. 
The upper extremity of these carbon 
r °ds must he chisel-shaped, such a form 
having been fouiu^to give the best re- 
sults, inasmuch as the contacts become 
fewer in this case. The rods are fixed 
*o the wooden base by means of sealing- 
wax. 

The theory of this microphone is very 
simple. The current enters, for ex- 
ample, through the terminal I), follows 
the *><i c end then the disc B. From 


provided that the plate A be given a 
proper weight, one that is neither too 
heavy nor too light. If this he done, 
the voice of a person speaking in an 
ordinary tone may b* distinctly heard 
at the end of the room that contains the 
microphone. The sounds of a piano are 
particularly well rendered by it. The 
apparatus must he placed upon a table 
at a distance of 2 — *‘l vd. in order to 
protect it from the jarring of the 
earth. 

As for the pile necessary for saturat- 
ing the instrument, one small Bunsen 
or t wo or tlft'ee Leclnnchd elements may 
lie used. Apropos of the Leclanchd pile, 
a modification of it formed of a zinc and 
a carbon plate, both of them dipping 
into a saturated solution of bichromate 
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of potash and hydrochlorate or sulphate 
of ammonia, is very simple, and avoids 
the costly mechanism designed to re- 
move the zinc from the action of the 
acid when the pile is at rest. This 
element does not wear away when the 
current is interrupted, as in the 
Led an c he pile. One obstacle at first 
rendered the use of this pile very diffi- 
cult, and that was the fact, that the 
ainmoniacal salts rose along the carbons 
and attacked the communicating wires 
so that these broke and thus interrupted 
the electric current. But it is only 
necessary to dip the carbons into a bath 
of boiling paraffin, then allow the whole 
to cool, and afterward to scrape the 
carbon with a knife so as to fre its 
surface of the paraffin. This latter 
material penetrates the pores of the 
carbon without notably changing its 
electric conductivity. The liquids are 
thus no longer able to rise through 
capillary attraction. Leclanche got 
around the difficulty by leaden arma- 
tures, but the means described above are 
simpler. The electromotive force of 
this new element, appears to be greater 
than that of a Leclanche of the same 
dimensions. (La Nature). 

Motors. — It is generally under- 
stood that an efficient electric motor 
cannot be made without the use of 
machinery and fine tools. It is also 
believed that the expense of patterns, 
castings, and materials of various kinds 
required in the construction of a good 
electric motor is considerable. The 
little motor shown in Fig. was devised 
and constructed ‘with a view to assist- 
ing amateurs and beginners in electri- 
city to make a motor which might be 
driven to advantage by a current, de- 
rived from a battery, and which would 
have sufficient power t.o operate an 
ordinary foot bathe or any light 
machinery requiring not over 1 man 
power. 

The only machine work required in 
' its construction is the tu fuing of the 
wooden supports for the armature ring. 
The materials cost less than 8s., and the 
labour is not great, although some of 
the operations, such as winding the 


armature and field magnet, require 
some time and considerable patience. 
On the whole, however, it is a very 
easy machine to make, and if carefully 
constructed will certainly ^ive satisfac- 
tion. Only such materials ns may be 
procured anywhere are required. No 
patterns or castings are needed. 

Beginning with the armature, a 
wooden spool A (Fig. 118) should ho made 
of sufficient si/.e to receive the soft iron 
wire of which the core of the armature 
is formed. The wire, before winding, 
should be varnished with shellac and 
allowed to dry, and the surface of the 
spool on which the wire is wound 
should be covered with paper to prevent 
the sticking of the varnish when the 
wire is heated, as will presently he de- 
scribed. The size of the iron wire is No. 
18 American wire gauge. The spool is 
2-^ in. diameter in the smaller part 
and 2 in. long between the flanges. It 
is divided at the centre ails 1 * Hastened 
together by screws, t* Each r part is 
tapered slightly to faylitate its re- 
moval from the w ire ring. The wire is 
wound on the spool to a depth of -g in. 
It should l>e wound in even layers; and 
when tlie winding is complete, the spool 
and its contents should he placed in a 
hot oven, and allowed to remain until 
the shellac melts and the convolutions 
of wire are cemented together. After 
cooling, the iron wire ring B is with- 
drawn from the spool, and covered with 
a single thickness of adhesive tape, to 
ensure insulation. 

The ring is now spaced off into 12 
equal divisions, and linear are drawn 
around the ring transversely, dividing 
it into 12 equal segments, as shown in 
Fig. 120. Two wedge-shaped pieces C of 
hard wood are notched and fitted to the 
ring so as to enclose a space in which to 
wind the coil. This 4 coil consists of No. 
1*> cotton-covered copper magnet wire, 
4 layers deep, each layer having 8 con- 
volutions. The end a anti the beginning 
b of the winding terminate on the same 
side of the coil. The last layer of wire 
should be wound over 2 or 3 strands of 
shoe thread, which should be tied after 
the- coil is complete, thus binding the 



l'»g. 118, armature core; fig. 121, transect se section; fig. 120, end view of armature, 
bhowing commutator ; lig. 120, brush-holding disc, 

wires together. When the first section a warm place until the varnish is 
of the winding is finished, the wire is thoroughly dry ami hard, 
cut off and the ends (about 2 in. long) fare should be taken to wind all the 
are twisted together to cause the coil coils in the same direction, and to have 
to retain its shape. After the com- the same number of convolutions in each 
pletion of the first section, one of the coil. A convenient way of carrying the 
pieces <J is moved to a new position, wire through and around the ring is to 
and the second section is proceeded wind upon a small ordinary spool 
with, and so ^rni until the 12 sec- enough wire for a single section, using 
tions are wound. The coils of the the spool as ^ shuttle. 
j“ing are then varnished with thin shel- The ring is mounted upon 8 wood 
lac varnMi, the varnish being allowed support or huh (j, and is held in place 
to soak into tke interior of the coils, by the wooden collar H, both hub 
rinally the ring is allowed to remain in and collar being provided with a con- 
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Winding the armature. 


cave Range for receiving the 
inner edges of the ring. The 
(■••liar II is fastened to the cm! of 
the huh (r by ordinary bra^s 
wood screw*. lTotli hub and 
collar are mounted on a in. 
steel shaft formed of Stubs’wire, 
which needs no turning. A 
pulley is formed integrally with 
the collar II. The end ot 
the huh (i, which is provided 
with a llange, is prolonged to 
form the commutator, and the 
term ilia's <t b of the ring coils 
are arranged along tin* surface 
of the hub and inserted in radial 
holt's drilled in the hub in 
pairs. The wires are arranged 
so that one hole of each pair 
receives t lie outer end of one 
coil, and the other hole receives 
the inner end of the next coil, 
the cxtiemities of^he wire 


Forming the field magnet. 





180 


electrics. 


ture shaft in the journal boxes it will 
be necessary to construct the field 
magnet, as the machine must, to some 
extent at least, be made by ‘‘pile of 
thumb.” 

The body E of the field magnet con- 
sists of strips of Russia iron, such as is 
used in the manufacture of stoves and 
stovepipe. The strips are 24 in. w ide, 
their combined length being sufficient 
to build up a magnet core ^ in. thick, 
of the form shown. The motor illus- 
trated has 15 layers of iron in the mag- 
net, each requiring about 26 in. of iron, 
approximately 33 ft. altogether. 

The wooden block F, on which the 
magnet is formed, is secured to a base 
board G, as shown in Fig. 122, and 
grooves arc made iu the edges of the 
block, aud corresponding holes are 
formed iu the base to receive wires 
for temporarily binding the iron strips 
together. Opposite each angle of the 
block K, mortises are made in the base 
board G, to receive the keys d and 
wedges c. Each key d is retained in 


has reached the required thickness, the 
wedges c are forced down so as to hold 
the ii>on firmly, then the layers of iron 
are closely bound together by iron 
binding wire wound aroulfd the magnet 
through the grooves c and holes in the 
bass board G. 

The next step in the construction of 
the machine is the winding of the field 
magnet. To ensure the insulation of 
the magnet wire from the iron core of 
the magnet, the latter is covered upon 
the parts to be wound by adhesive tape 
or by cotton cloth attached by means of 
shellac varnish. 

The direction of winding is clearly 
shown in Fig. 124. 5 layers of No. 16 

magnet wire are wound upon each sec* 
tion of the magnet, the winding of sec- 
tions 1 and 2 being oppositely arranged 
with respect to each other. Iu like 
manner, the winding of sections 3 anti 4 
is oppositely arranged. The.winding 
of section 1 is also opi>c«:te“»,<M;hat of 3, 
and that of 2 is opposite to that of i. 
The winding begins at\ he outer end o 


121 . 



Circuit of simple electric motor. 


the mortises by a dovetail, as shown 
in Fig. 123. By this arrangement, 
each layer of the strip of iron may be 
held'in position, as the formation of the 
magnet proceeds, the several keys d and 
wedges c being removed and replaced in 
succession as the iron strip is carried 
around the block F. When the magnet 


the magnet, and ends at the inner end 
of the section. When the windiug is 
completed, the temporary binding is re- 
moved. The outer ends of 1 and 2 are 
connected together, and the ‘outer ends 
of 3 and 4 are connected. The inner end 
of 2 and 4 are connected. . The inner end 
of 3 is to be connected with fhe com- 
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mutator brush /. The inner end of 1 is 
to be connected with the binding post 
<j y and the binding post // is to be con- 
nected with the commutator brush /. 

The field i^ignct is now placed upon 
abase having blocks of suitable height, to 
support it in a horizontal position. A 
block is placed between the coils to 
prevent the top of the magnet from 
drawing down upon the armature, and 
the magnet is secured in place by brass 
straps, as shown in Fig. 135. 

The armature is wrapped with 3 or 4 
thicknesses of heavy paper, and inserted 
in the wider part of the field magnet, 
the paper serving to centre the arma- 
ture in the magnet. The armature 
shaft is levelled, and arranged at right 
angles with the field magnet. The posts 
m which the armature shaft is jour- 
naled are bored transversely larger than 
the shaft, and a hole is bored from the 
top downward, so as to communicate 
with tlfu tiqns v erse hole. To prevent 
•the binJingdT ^he journal boxes, the 
exposed ends of the armature shaft are 
covered with # thin wash of pure clay 
and gl lowed to dry. The posts are 
secured to the base, with the ends of 
the armature shaft received in the trans- 
verse holes. Washers of pasteboard are 
placed upon the shaft on the opposite 
sides of the posts, to confine the melted 
metal, which is to form the journal 
boxes. Babbit metal, nr, in its absence, 
type metal, is melted and poured into 
the space around the shaft through the 
vertical hole in the post. The journal 
boxes thus formed are each provided 
with an oil JjolTe, extending from the top 
of the post downward. If, after clean- 
ing and oiling the boxes, the shaft does 
not turn freely, the boxes should be 
reamed or scraped until the desired free- 
dom is secured. 

All that is now Required to complete 
the motor is the commutator brushes / /’. 
They each consist of 3 or 4 strips of 
thin hard roHed copper, curved as 
shown in Fig. 131, to cause them to bear 
upon the, screws in the end of the huh CJ. 
The brushes are secured by small bolts 
tq a disc of yiAcanisial fibre* pr vulcan- 
ite, qfc diametrically oppose points, ns 


shown in dotted liues in Fig. 12P>, and the 
brushes are arranged in the direction of 
the rotation of the armature. In the 
brush-carrying disc is formed a curved 
slot for receiving a screw, shown in Fig. 
j2fi, winch passes through the slot into 
the post and serves to hind the disc in 
any position. The disc is mounted on 
a boss projecting from the inner side of 
the post concentric with the armature 
shaft. The brushes are connected up 
by means of flexible cord as shnw r n in 
Fig. 135. The most favourable position 
for the brushes may soon be found 
after applying the current to the 
motor. The ends of both brushes will 
lie approximately in the same horizon- 
tal plane. When the motor is in opera- 
tion, the direction of the current in the 
conductor of the field magnet is such as 
to produce consequent poles above and 
below' the armature. 

Eight cells of plunging bichromate 
battery, each having one zinc plate 
5 x 7 in. and 2 carbon plates of the 
same size, will develop sutlicient power 
in the motor to run an ordinary foot 
lathe or 2 or sewing machines. 

The dimensions of the parts of the 
motor are tabulated below : 

T/ngth of field magnet (inside) .. lOf in. 
Internal diameter of jiolur section 

ol magnet 3{ „ 

Width ol magnet core A » 

Is 1 **, of laycis of wire to each coil 

of magnet . . . . 5 

No. of convolutions in each layer 34 
Length of wire in each coil (ap- 
prox imate) 95 ft. 

Size of wire. Am. W. G No. 16. 

Outside diameter of armature . . 3| in. 
Inside diameter of armature core 2,*, „ 
Thickness „ „ „ j| „ 

Width „ ,, „ 2 „ 

„ „ „ wound 2i „ 

No. of coils on armature .. .. 12 „ 

No. nf layers in each coil.. .. 4 

No. of convolutions in each layer 8 
Length of wire in each armature 

(approximate) 30 ft. 

Size of wire on ai mature, Ain. 

W. G \ No. 1G. 

L< ligth of armatiuc shaft . . . . 71 in. 

Diameter of armature shaft .. ■»“ »* 

„ wooden huh .. . • „ 

Distance between standards .. .. 

Total weight of wire in armature 
and field magnet 6 lb. 

((i, M. Hopkins,) 
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Phonogram and Grapho- 

phone. — From the researches <>f a 
number of oxpoi imenters with tin; 
phonograph, it appears that: 

(1) The embossing point should bo 
abandoned for a process of engraving — 
that is to say, instead of preying the 
registering surface with a st\le, as in 
the original phonograph, an outline 
should be produced parallel to the sur- 
face of inscription. 

(‘J) The best substance nnsw'ding all 
the requirements of the question raised 
by eng laving by means of the style, is 
beeswax hardened by paraffin or some 
other similar substance. 



(8) To speak m*a high tone is un- 
necessary, the ordinary tone giving the 
best results, although the intensity of 
the sound produced does not excel that 
of the telephone. 

In 188fi, Dr. Chichester, Dr. Bell, 
and C. S. Tain ter took out a patent for 
engraving the phonogram and for the 
use of wax, and, as* a lesult of their 
labours, produced, in the spring of 1887, 
the gramophone, the first ifNilly prac- 
tical apparatus of the phonographic: 
type, which was exhibited at Washing- 
ton. This instrument reproduced the 


voice with the intensity of a good 
telephone ; but the deformations due to 
the engraving were great enough to 
render the voice unrecognisable, unless 
the fancy was exercised, and one 
had a previous acquaintaiiffi with the 
speaker. The impression was obtained 
upon a cardboard cylinder covered with 
wax. As soon as the graphnphnne be- 
came known in America, Edison, en- 
couraged by the results obtained with 
this instrument, recommenced his ex- 
periment'. with the phonograph, and 
after having tried the embossing point 
anew’ abandoned it. ibr the engraving, 
thus continuing the accuracy of the 
conclusifii of Bell and Tainter. The 
gruphophnne and the new phonograph 
of Eilison seemed then to lie practically 
the same instrument, only di tiering in 
form and the nature of the motor 
U"cd. 

The ditlieulties which the embossing 
point presented would disappear, as 
Prof. TIkiiiimiii observed, v jf,_ **■*£» ur face 
could he found whose rtf Stance „to the 1 
embossing point was exactly propor- 
tionate to the depth of t lVi •> embossing. 
Ever) Dial confirmed these conclusions, 
for the more one attempts to speak loud 
the more indistinct becomes the articu- 
lation. It is necessary, then, to trace 
the vibrations as in the old phonauto- 
graph of Scott, parallel, and not. per- 
pendicular to the sheet, and to reduce to 
a minimum the resistance offered l>y the 
substance engraved. Berliner observed 
that lampblack was impracticable and 
insuflicieiit ; but lie saw Hint the greyish 
deposit of lampblack, produced by a 
kerosine flarnc, gave a finny line than 
the thick dark deposit produced at the 
top of the same flame, and this observa- 
tion led him to previously grease the 
registering surface by applying a layer 
of printing ink or oil paint by the aid 
of a roller or a brushy The smoke then 
j gives a deposit of a fatty appearance, 

| and of such a consistence that if it is 
touched with a style a fii*c line is pro- 
duced without any blister, even when 
examined with a microscope. The 
phonautogram obtained is then en- 
graved mechauically, chemically, or 
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photo-cheinically. After numerous at- and divided in front. E is a piece of 
temj>ts, Berliner has arri\ cd at tube fitted into the division in 

cess by -which a reproduction can he B, and supporting the end of the style 
obtained in less than an hour (even in i\ which is formed of a thin sheet of 
l.VUO minutes if necessary), ami metal vibrating cm two steel pivots 
which can dfftor wards be multiplied F. 1> is a piece of writing-paper 
indefinitely by the electrotyping pro- strengthened by a spring plate, the tuid 

of which constitutes tin* trac- 
ing point. There is a piece of 
rubber tube placed round the 
style to rontiol its vibrations. 
11 is a disc of felt placed be- 
tween the case of the dia- 
phragm and the diaphragm 
its.dt, to control the supeitlu- 
ous vibrations and prcieut ie- 
sonauce. The whole is placed 
upon a light support (Fig. 
1-7). 

The apparatus reproducing 
the words ol the speaker (Fig. 
1-8) is constiucted on the 
same plan, but is of ^mailer 
dimensions and more rigid in 
--*>v** the viluatmg part*. The end 

Phnnorfntn and pr.iphophoue. <,f the st\le consists of an 

iridium point, to axoid the 
wear caused by eontiuual rub- 
bing with the metal. 

Harder metals give a more 
intense sound than substances 
less resisting or elastic, as 
rubber or plaster of Paris. 
The hard metals, sueli as 
copper, nickel, or bras*;, speak 
louder than zinc; but there 
is a grinding, unless the writ- 
ing surface is very smooth, 
and polished with the greatest 
care. This grinding is 
scarcely perceptible on po- 
lished glass, and Berliner 
hopes, by moulding the regis- 
ters, to obtain an outline in 
KogMering apparatus. relief w hi.li shall give in- 

tense sounds with a mini- 
cess, which Berliner calls the art of mum of unnecessary noise*. — ( La 
engraving the human voice with aqua- Ratin' f 

fortis, and which we call more simply Regulators. — An ingenious cloc- 
phonogravure. * The registering appa- ! trie regulator, which is so simple that 
ratus (Fig. 120) consists of a case lv, 1 any amateur*fcan construct it, anj} that, 
"hleli serves to support the whole, too, at little expense, has been devised 
r l lie centre of fjie diaphragm A carries ! by 0. Poliak. A few small pieces of 
a small brass cylinder 15 riveted to it, * wood, some brass, and 4 wires, are 
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all that is necessary for the construe- corresponding wire. At the other «?x- 
tion of a regulator which will operate tremity they are prolonged by a straight 
in a very satisfactory manner. In addi- portion </, and a spiral forming a carbon 
lion to its great simplicity, thi-. lamp holder. 

has the advantage of being based upon In order that the rarWftns may he 
an entirely new piinciple—that of the always kept opposite each other, the 
expansion of the w ires that lead the displacement of the holders is guided by 
current to the carbons under the in- a bent wire r c' affixed to the board. 

The length of the lever 
arm <1 is about 4 in., while 
the distance from the point 
of attachment of the 
wires a to the centre of 
the spring is * {t in., so 
that, the motions are amp- 
lified at the ratios of 1 to 5. 

in a normal state, the 
distance of the carbon 
holders is about in. 
When the carbons are put 
in, each is made to project 
1 1 in., so that the holders 
have to lie spaced 2£ in. 
apart, ci»r*L , i»f"SfFBng to an 
oiongatioh of about } in. 
of the winy a a\ if, at 
tliis moment', the lamp be 
interposed in an efcctric 
circuit, the current will 
pass into these wires and 
heat them, and the springs 
being thereby bent back 
the carbons will tend to 
separate, and an arc will 
Regulator. form. The length of the 

latter will he determined 

fluence of the said current and its bv the condition that the tensions of 



variations, the same part sei ving at the 
same time for the lighting or formation 
of the arc, and' for regulation in 
measure .as the carbons wear away. 

Fig. 130 shows the first of these appa- 
ratus that w.h constructed, and will 
easily allow the operation to he under- 
stood. Along a hoard /, about G ft. 
long, are stretched 2 brass wires a a\ 
in. diameter. TJie^e are fi.\ed at the 
upper part to the 2 terminals of the 
lamp, and kept taut below by the 
action pf double spiral fprings h b'. 
These latter are formed of simple; brass 
wire, and are fixed at the side of the 
hoard, and form in the centre a lateral 
appendage, to which is soldered the 


the springs and wires balance each 
other for the corresponding strength 
of the current ; for, as tlrt, regulation 
is made in series, mid hears on the 
current, we ought naturally to group 
those lamps in derivation. 

In measure as the carbons wear 
away, the resistance of t lie are increases, 
the current diminiskos, and the wires 
contract, allowing the springs to carry 
back the carbons. It is easy to see, and 
experiment, shows it, that, the current 
i trmK to diminish slowly in measure as 
the lamp burns. .Such gradual* diminu- 
tion in luminous intensity offers scarcely 
any inconvenience in a lamp of this 
kind, With the divisions indjtated 
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the lamp will operate for about 3 
hours. 

The diameter of - f L io. for the ref- 
lating wi rt*h is determined by the value 
of the current adopted, 5 amperes ; and 
the condition that the temperature of 
the wire be relatively high, about 120' C. 
If t ho temperature is too low, the regu- 
lation will be effected too slowly; and 
if it is too high, the elasticity of the 
wire will be destroyed, and the latter 
will elongate permanently under the 
action of its spring. 

The temperature of 120° C. has been 
r.tlrulated by means of the well-known 
formula — 


(1 = 



4 K i- 

7T V t h J 


where t is the elevation of temperature, 
K the speeitie resistance, i the current, 
U the coefficient of regulation ( 0 * 0002 ), 
d the diameter of the wire, and J the 
in eehaiy.^t'L.fnui valent of heat. 

• The Jngth di^Viot here figure expli- 
citly, butit in fact determines the current. 
In order to l#ep the latter constant by 
diminishing the length, it is necessary 
to increase by so much the proportion 
of amplification of the levers, and this 
has been done in a later model of 
smaller dimensions. If, wdth the same 
temperature, we desire to modify this 
current, it will suffice to shunt the 
regulating W'ires by properly calculated 
auxiliary resistances. 

The ambient temperature plays an 
important rot e, since it modifies the 
initial tension of the wires. To get free 
from this ^nflueucc, which in certain 
cases w r ould necessitate a different regu- 
lation for each temperature, it suffices 
to replace the wood by a frame of the 
same metal as the wires a. Poliak has 
likewise adapted his system to lamps 
regulatable in derivation, with vertical 
carbons, by making the regulating wire 
act upon a ring brake that allows the 
upper carbon* to slide. — {La Lumicre 
Klectriqui •). 

Storage. — Get 2 t lmlf-round porous 
eups and a rojmd glass jar large enough 
for the 2 jiorous cups to stand in up- 
right Get % plates of sheet lead fa in, 
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thick, wide enough to fit the half-round 
side of the porous cups and deep enough 
to come an inch or so above the top edge 
of the cups and jar. Solder a stout 
cupper wire or a screw post to each lead 
plate at the top. Place the lead plates 
m the cups, and fill the cups nearly full 
with a paste made of red lead mixed 
with a solution of sulphate of soda thin 
enough to run like a cement. The glass 
jar containing the cups should he filled 
to within } 2 in. of top of cups with sul- 
phuric acid and water, about 1 part acid 
and S of water. One plate should he 
marked X, so that, in charging, the 
currents will be correctly connected. 
This may lie charged by attaching to a 
series of 12 sulphate of copper cells for 
24 hours, or from a dynamo. It should 
always he charged in same direction, 
and it will improve by repeated charg- 
ings. A wooden cover may he fitted to 
the glass jar, and evaporation of the 
fluid should be replenished by adding 
water. Two or more cells of this 
battery will work small motors, lamps, 
and induction coils, and if thoroughly 
charged will retain a large volume of 
electricity for considerable time. After 
once being W'ell charged, 4-t> cells of 
sulphate of copper battery will recharge 
it. — (.//. of the Tekyrajih.) 

Referring to the main objection in 
storage batteries — that storage in- 
volves a loss of some 50 per cent. — 
Prof. Lodge says there are many cases 
where the convenience of storage out- 
weighs the evil of waste altogether, as, 
e. g. (1) where the power of the source 
w r ould be otherw ifle so completely 
wasted that every fraction of it stored 
is clear gain — terrestial water-power 
for instance ; (2) where regularity and 
continuity of supply arc needed, while 
the source of power is irregular and 
fitful — wind and wave power ; (3) 

where the available source is weak hut 
continuous, while the supply is needed 
only for a short time at intervals — 
small wateft-]M>wer for instant, or a 
small steam-engine which can be used 
during the daytime to store up a supply 
of current for light at night. The 
following remarks on what may be 
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termed the practical history of storage 
batteries will he useful to many, hut 
there are not a few electricians who 
will ask whether, after all, Plante’s 
old form of secondary battery is not 
quite as useful as any of the newer and 
patented forms. 

The first form of manufacture con- 
sisted in rolling up sheets of lead and 
composition with trousering to keep 
them separate. The diiliculties found 
were that the coatings would not 
adhere, but became detached in large 
flakes; that, the trousering got corroded 
through and permitted short circuiting ; 
and that, free circulation of fluid being 
impossible, the acid became exhausted 
in some places and concentrate l at j 
others, and thus every sort of irregu- 
larity began. Now regularity or uni- 
formity is of the most vital and funda- j 
mental importance in any form of j 
battery. If any part of a plate is j 
inactive, that part is better away ; if j 
any plate in a cell is inactive, it is ! 
better away ; and if any cells of a I 
battery are inactive, they are infinitely 
better away. The rolling or coiling up 
of the sheets being found awkward in 
practice, and liable to detach the coat- 
ings, flat plates came to he used, then 
perforated plates, and then cast grids; 
these last having such large hole space 
that they held enough composition, 
and held it securely enough, to enable 
the trousering or intermediate porous 
material to he dispensed with. This 
was an evident step in advance ; free 
circulation of the liquid became possible, 
and could be assisted by stirring; there 
was nothing to corrode except the plates 
themselves, and the composition, being 
in the cells or holes of the grid, might 
be reasonably expected to adhere. So 
far, expectation was not altogether 
belied. The adhesion was not perfect, 
it was true, and pieces of composition 
sometimes fell out off he holes, especially 
if too powerful currents were passed 
through the cell, but still it was much 
better t|j:in it had been ; and if the 
plates were filled, properly formed, and 
fairly treated, the composition adhered 
extremely well and securely. The cir- 


culation of the liquid was not auto- 
matically perfect either, hut mechanical 
agitation could he readily applied ; 
without it the acid near the bottom of 
the cell's tended to become more con- 
centrated than that near the top, not 
l»y reason of gravitation undoing diffu- 
sion, which is impossible, hut because 
during each charging fresh acid is 
formed, and in .great part falls to the 
bottom in visible streams. Another 
great advantage was that some amount 
of inspection of* the plates became pos- 
sible, and experience as to the actual 
behaviour ami appearance of the plates 
began to be accumulated. 

The main difficulty now experienced 
was how to keep the plates from touch- 
ing. They might be put in wooden 
frames, or elastic bands might be 
stretched round each of them, and if 
they would only keep flat it was im- 
possible they should touch unless the 
composition should drop out of the 
holes. Sometimes the c^v^^ftt^on did 
drop out of a hole, and bridge .across 
tin* interval between two plates, but 
the more common and \nore fatal 
experience was that the plates xvr»uld 
not keep straight. In a few months 
the positives were found to swell, and 
as they swelled to buckle — to buckle 
and twist into every variety of form, so 
that elastic bands, wooden frames, and 
every other contrivance failed altogether 
to prevent short-circuiting. The cause 
of the buckling is of course irregular 
and one-sided swelling, and the cause of 
swelling is apparently the gradual per- 
oxidation and suiphatingof the material 
of the bars of the lead g'#id, which 
occupy less room as metallic lead than 
as oxide. As the bars swell they press 
on the inclosed composition, occasionally 
<1 riving it out, but more frequently, 
and xvith properly made and treated 
plates universally, distending them- 
selves and stretching the whole medial 
portion of the plate. The edge or frame 
of the grid is stronger thhn the middle 
bars, and is not so easily stretched; in 
a good and uniformly worked plate it 
does stretch, and an old positive plate is 
some J in. bigger every way than a new 
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one, but il* one face of tin* plate is a 
trifle more active than tin* other, it. is 
\crv plain that the most, active side 
will tend to heroine convex ; and buck- 
ling once begun very easily goes on. 
To cure it twi opposite plans have been 
tried : one, is to leave the plates as free 
and unconstrained as possible, hanging 
free, it may be from two points, thin, 
and with crinkled or crimped margins 
to allow for expansion ; the other is to 
make them thick and strong, with 
plentiful ribs for stillness, and besides to 
clamp them up to one another as tightly 
as may be, and thus in mechanical wavs 
to resist buckling and distortion. 1 do 
not. know that anyone could say for 
certain beforehand w lm h of these two 
plans would be liheh to answer bust., 
but print icc* is beginning to reply in 
favour of the latter, and well-braced 
plates of fair thickness show no un- 
manageable tendency to buckle. It 
must, lie remembered that no material 
can bucjjk 1 iv» F it h, a farce greater than 
Hi at necessary to ^PmTITi! it to flatness, 
and this force in the case of lead is very 
moderate. Iltfhcc it may be fairly hoped 
to ove^iome and restrain ail exuberances 
t by suitable clamps and guides arranged 
so as to permit flat and even growth, 
but to cheek all lateral warping* and 
excrescences. 

Uniformity of action is still essential, 
especially if all the plates in a cell are 
clamped together. Plates mechanical iy 
treated alike ought, to he electrically 
so treated also, and it is impossible to 
keep a set of jdates working satisfac- 
torily together unless the contact of 
each is thoroughly ami equally good, so 
that each may receive its fair share of 
current. Defects of contact have been 
a fruitful source of breakdown and 
irregularity. Clamps and screws of 
every variety have been tried, but the 
insidious corroding notion of nascent 
oxygon exerted through the film of 
■‘icid which by spray and creeping forms 
and concentrates on the lugs — this 
corroding action crawls between the 
clamped surfaces, gradyally destroys all 
perfect eontact % and sometimes produces 
almost complete insulation. Contacts 


on the negative platf*^ give but little 
trouble; contacts on the positives have 
taxed a great amount, of patience. Lead 
contacts “burned,” i. c. melted, not 
soldered cm. arc evidently less liable to 
cnrro'ion than brass or copper fitting*, 
or than any form of clamp, but they are 
apt to be somewhat clumsy if of suffi- 
cient conductivity, and moreover thev 
are awkward to undo again, and some- 
what troublesome t«> do. How ever they 
ba\e proved themselves so decidedly the 
best that now no other contacts will he 
used, and their reint rod notion lias been 
followed hv a marked improvement in 
the behaviour of the celU. So long as 
contact, with one plate was better than 
with another, a thing quite possible to 
happen without any diflereuee being 
perceptible to the c\e, so long was it 
possible for one or two plates to remain 
almost wholly inactive while another 
one or two received far more than their 
share of current, and became distended, 
warped, overcharged, and ultimately 
(Tumbled away. If one or two plates 
in a cell are black, and giving off 
tori cuts of gas, while the rest are 
brown and idle-looking, it is pretty fair 
cxidcncc of irregular and insufficient 
contact, or else of some great di.s- 
crepanev in the age or make of the 
plates. This point also is one that was 
not attended to in the early stages of 
manufacture; plates were made for 
stock, and cells were made up with 
plates of all ages selected at random 
from the store. Directly uniformity is 
perceived to be essential, this is re- 
cognised as obviously bad. Plates 
intended to work together should be 
of the same age and make ; and, inas- 
much as keeping docs not improve them, 
the best plan i*. not to make for stock, 
but to keep material ready, and then 
quickly make up as wanted. Plates in 
work deteriorate slowly, but they are 
wearing out in the /ulfilment of their 
proper function ; plates in idleness de- 
teriorate as quickly, and they arc rust- 
ing out in fulfilment of no function at. 
all. Worn-out plates, however, are by 
no means valueless. Lead material lias 
a well-recognised price, and if attention 



188 


KLKGTUICS. 


wore given to the subject, it is probable are better than their predecessors ; and 
that decrepit and useless plates might as their predecessors have lasted in good 
he made to yield a very large per- condition for a year ami more, it is not 
centngc, if not the whole, of their presumptuous to indulge in well- 
original lead. For it must he re- founded hopes. Many of difficulties 
membered that plates deteriorate not connected with the early forms of 
hv waste hut by accretion: an old 1 battery were, aggravated by Utopian 
plate contains as much lead as a new ; notions concerning internal resistance 
one, hut it contains it with the addition j and compactness. The internal rcsist- 
of oxygen and sulphur; no longer a j an re of a cell was so beautifully small, 
tenacious coherent frame, but a crum- | that the manufacturers were tempted 
bling mass of incoherent powder. | to diminish it still further by putting 

The age of plates is a point of vital i the plates far too close together. -J or 
interest, though but little is known a*> j - x \- t in. interval is well enough if the 
to the possibilities in this direction at ; plates had been hard rigid slabs of 
present. A year may he regarded as a j perfect liutness ; but it was madness to 
fair average age at the present time; \ pack flexible leal plates full of oompo- 
but this is a low rather than a high | sitiou certain to swell and liable to 
estimate. Thick plates are found to j drop out so near together as this, 
last far longer than thin, which is only j Security and dependahleness were 
natural when it is remembered that the j sacrificed to a natural desire for sudden 
wearing out is due to corrosion, that 1 and Utopian perfection. We may hope 
corrosion proceeds mainly from the j that these lessons have been profited 
surface inwards, and that the internal j by, and that the manufimt.ijjoiHW perceive 
portions of a thick plate are to a great | that confidence ‘security jp*e the* 
extent protected by the mass of super- j first conditions of success, and that 
incumbent material. If it can be shown, ! minutiae as to the numb** of naughts 
as we understand it can (1), that the | before the significant figures iy, the 
cost of materials is far more than the specification of resistance begin, though 
cost of manufacture; (2) that the those also are of importance in their 
worn-out material lias a market value turn, are yet of quite secondary con- 
not incomparably less than the original ; sideration. Moreover, this packing of 
and (d) that the frequency with which the plates so closely did not really do 
plates have to be renewed is not such as much to secure the result desired; the 
to cause much inconvenience ; then we | greater part of the resistance of half 
hold that the first stage of the dura- i run-down cells is not in the liquid 
bility difficulty has been overcome, between the plates, but in the surface 
Much more may he hoped for in this or scum separating each plate, and 
direction as experience increases, ami it j especially each negative plate, from the 
is not extravagant to hope that a well- liquid, aud hence putting Ahe plates a 
ribbed, properly-clamped, and fairly- .safe distance, say J or in. apart, exerts 
treated thick plate may last as long as an effect on the total resistance which is 
b years before it becomes disintegrated. certainly far more than compensated by 
It is evident, however, that in a the ready opportunity thus afforded for 
region where pure experiment is pro- access by both sight and touch. The 
eminent, and where the units of time 1 old opaque boxes, clyike full of plates, 
are months and years, instead of hours | with slight rubber hands between them, 
and days, the accumulation of ex- were started and left to Providence, 
pf'rienoe is a slow and tedious process. No one could see whttt went on, nor 
It is infuse making statements involv- could one readily get at anything to 
ing periods of 5 years when no one has rectify what wai| wrong. In .the pre- 
had the present improved form in use sent glass boxes proper^ arranged on 
for so much as 6 months. Nevertheless accessible shelves, with only plugs or 
it is possible to see that the present cells studs between the plates, clear cision 
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through the cell in any direction is 
easy, and accidental obstruction not 
only very seldom occurs hut if it does 
it enn without difficulty he seen and 
removed. 3*ut it must be granted that 
these boxes are less compact than their 
predecessors, and for some purposes, 
such as locomotion, compactness is of 
the first importance. 

We have spoken mainly of difficulties 
connected with the positive plates, and 
have said nothing concerning the nega- 
tives. It is not that these are not 
susceptible of improvement, but their 
faults have been of a less imperious and 
obtrusive nature. They are not perfect, 
but they do fairly well, ami there has 
been little need to worry much about 
them until the extraordinary behaviour 
of positives had been taken in hand and 
checked. The time is coining to attend 
to these also. They fail not from ex- 
uberance, hut from inertness. As they 
grow *>1<U not. swell, and warp, 
1 mid burst, and cfuififlTc, like the posi- 
tives, hut they grow quietly hoary, and 
serenely d*4ty. The composition in a 
wonp-out negative consists of white 
sulphate through and through, but the 
frame remains intact, and it conse- 
quently never falls to pieces, nor does 
it swell. Impurities in the acid used 
tell upon a negative plate — nitric acid 
is fatal. Add much too weak or very 
much too strong is also deleterious, and 
idleness is bad. The difficulties con- 
nected with negatives mostly depend 
on their aggravating property of always 
requiring a quite opposite treatment to 
positives. «The less a positive is formed 
and overcharged the better. A negative 
delights in complete formation and fre- 
quent overcharge. In recognition of 
this it is now customary to form them 
separately and to give the negative a 
thorough dose nf hydrogen without 
commencing the corrosion of the posi- 
tive by an overdose of oxygen. When 
the discharge"from a cell begins to flag, 
it is the resisting scum of sulphate that 
has formed over the negative plate 
which is re|ponsible for the flagging. 
The true £.M.F. of a cell is wonderfully 
conttant throughout the whole dis- 


charge ; hut the internal resistance is 
nil the time increasing, at first very 
slowly, ultimately, towards the end, 
with a rush. One such run-down cell 
in the midst of a lot of others thciefore 
obstructs the current terribly. If only 
a series of cells could, with certainty, 
he made to work together uniformly, if 
a series of cells could behave as well as 
some of the cells in it, no one would 
have cause to complain. — (Mature.') 

Repeated experiments have .show'll 
that the capacity of a secondary battery 
cell varies with the rate at winch it is 
charged and discharged. For instance, 
a cell, such as used on street cars, gave 
a useful capacity of 137*3 ampere hours 
when discharged at the average rate of 
45*76 amperes, and this same cell 
yielded 150*38 ampere hours when 
worked at the rate of 22*34 amperes. 
At the commencement of the discharge 
the electro-motive force of the battery 
was 2*1 volt?*, and this was allowed to 
drop to 1*87 volts when the experiment 
was concluded. The entire active 
material contained in the plates of one 
cell weighed 11*5 lb., therefore, the 
energy given off per lb. of active sub- 
stance at the above high rate of dis- 
charge W'as 62*225 ft.-lb., and when 
discharging at the lower rate of 22*34 
amptres, the available useful energy 
was 72*313 ft.-lb., or nearly 2*2 electri- 
cal II. I*, per lb. of active matter. But 
this active substance has to he supported, 
and the strength or weight of the sup- 
port has to be made sufficiently great 
to give the plate a definite strength and 
durability. The support of the plates, 
inclusive of the terminals above reforied 
to, weighs more than the active 
material, which consists of peroxide of 
lead aud spongy lead, so that the plates 
of one cell weigh actually 26*5 lb.; add 
to this the receptacle and acid, and you 
get a total of about 41 lb. per cell when 
in working order.* 70 of these cells 
will propel an ordinary street car for 
4£ hours, whilst consuming t£e stored 
energy at the rate of 30 ampferes, or 
over 5*6 electrical H.P. The whole 
set of 70 cells weighs 2,870 lb., which is 
barely J of the entire weight of the car 
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when it carries 40 adult passengers ; 
therefore, the energy waited in propel- 
ling the accumulator along with a ear 
does not amount to more than 20 per 
cent, of the total power, and this can he 
afforded so Jong as animal power is the 
only competitor. From numerous ami 
exhausth o tests with accumulator cars 
in this country and abroad, 1 have come 
to the conclusion that the motive power 
ibr hauling a full-sued street car for 
15 hours a day does not. exceed 7s., 
and this includes fuel, water, oil, attend- 
ance, and repairs to engine, boiler, ami 
dynamo. We have thus an immense 
margin left between the cost of electric 
traction and horse traction; and the 
last objection, that relating to the 
depreciation of the batleiy plates < an 
be moat liberally met, and \et buve 
ample profits over the old method of 
propulsion by means of animals. 
(Keckeiizaun.) 

Telephones.— (a) A good working 
telephone may be made a-, follows:-— 
Make 2 tin drums l> in. diameter and 
4 in. deep. They should have a heavy" 
wire formed in same as * gal. i up. The 
wire should not be les* then No. Ik 
Take raw hide that has been divested of 
hair, stretch it over the drum while 
wet, and bind it on with a small w ire ; 
let it remain till perfectly dry. A 
veiy thin hide, such .as squirrel, cat, 
coon, is the best. Thick hide will not 
work well. Now to erect your drum, 
wire, &c. ; having set your posts and 
put up your insulators, which may be 
made of wire and Suspended from arms 
which have been nailed to the posts, 
bore a hole in the wall where the drum 
is to be placed, run the wire through 
your drum and through the raw hide in 
the centre, having a button ready. 
Pass the wire through the eye of the 
button and back through the drum 
and twist tightly* letting the button 
go, resting it on the hide. Put lip the 
wire at^the different insulators (string 
loop suspenders) till it reaches the 
other end of the line ; then proceed to 
do as at first. If the wire has been 
pToperly stretched, and all the work 
has been done as it should have been 


| done, you will have a good and cheap 
telephone. No. 18 copper wire for 
main line should be used. (Anurictm 
Artisan.) r 

(/>) I have been for some time engaged 
in endeavouring to arrange a telephone 
switch-board and telephone transmitter, 
which should be simple, easy of con- 
struction, effective in operation, and 
not an infringement of any patent. I 
believe that 1 have fully succeeded in 
all these objects; a patent for the ar- 
rangement could only bo valid as for a 
j particular combination of parts, and ns 
j the combination of parts is susceptible 
j of so many variations a patent would be 
I piactically useless. The following de- 
scription will enable any amateur to 
make them : — 

itch- lh ml . — Take a piece of 
mahogany 8 in. by 4 in. by 1 in., plane it 
up and varnish it. On the top, at a 
distant c of J in. trimly*** top, fix 7 
term nals, J m. uplift. These yre minf- 
bered in Kig. 151, 1, 2, 3, 4, 5, f», 7, and are 
for the following connect!*' ns: 1 2 3 are 
connected together by the brass f date as 
shown ; 1 is connected to the return 

line or earth wire ; 2 to the zinc pob* 
of the battery; 3 and 4 to the bell 
wires; 5 to the carbon pole of the first 
cell; fi to the carbon pole of the last 
cell ; and 7 to the line wire. P is a 
strip of brass with the knob K at the 
lower end ; it is secured by 2 screws at 
the upper end, and is then bent upwards 
so as to press against the bridge I>, 
which is a strip of brass secured by the 
screw# at each end, each ofsvhich screws 
passes through a piece of brass tube 
which keeps the plate B about J in. from 
the hoard. The piece P is connected by 
a wire underneath the board (all the con- 
nections are made underneath), with 
the terminal screw 7. Under the knob 
K is a screw with a flattened head, 
which is connected with terminal screw 
6 ; this constitutes the ringing key. H is 
a piece of l-in. brass rod with the hook at 
the bottom, and .the round brass disc I) 
about J in. diameter, soldered about } in. 
from the upper end; this rod works 
freely up and down through tke two 
pieces of angle brass A. S is a spiral 
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Spring of brass win 1 which, when the dis l) and the other against the upper 
telephone is taken off the honk, causes angle brass A. When the telephone is 
this rod to rise, and the disc 1) then on the hook, the disc 1) rests on the 
presses th<^ thin pieces of hammer- piece of brass It, which acts as a contact 
hardened brass C against the upper and as a stop. The total play allowed 

to I> is about ^ in.; the 
lower angle brass A is con- 
nected w i 111 the bridge’ll ; the 
piece of brass It is connected 
with the terminal 4; and the 
thin piece of brass t' with the 
upper hinge. T and T 1 are 
brass screws to which the llcx- 
iblo wires of the telephone 
receiver are attached ; T is 
connected with terminal T>, 
and T* with the lower lunge. 
M i"> merely a piece of ma- 
hogany to which the pieces 
C and It are attached. 

We now require a square 
frame of -j- in. mahogany, 
4 in. square m outside mea- 
surement, and 1^ in. deep; 
apertures are cut in the 
bottom side of this to allow 
the rod 11 and the ringing 
key 1‘ to move frtcly. This 
case is attached to the hinges 
marked, and with a face piece 
of pine about J, in. thick, boxes 
up the whole of the appa- 
ratus, leaving on] \ 2 in. of the 
board at the top, and the 
same at the bottom un- 
cox ered ; a small plate of 
brass i* screwed to this box 
opptsito to the binges, and 
one screw* into the switch- 
hoard prevents the box from 
being opened. 

To the centre of this piece 
of pine the microphone trans- 
mitter shown in Fig. 1132 is 
attached. 

This microphone * is thus 
constructed : — Take a piece of 
pine about. in. thick, J in. 
wide, and 1 j* in. long ; remove 
ptfc*t of one edge so asrto leave 
angle brass A. In 'order to ensure a a projection as shown, and about ^ in. 
good contactf this strip of brass C is deep and -* r in. square, by which it is 
slightly canted at the end so as to .give attached to the centre of the pine face of 
two drubbing contacts, one against the the box ; put a sawcut down through it 


131. 
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to within about i in. from the bottom, brass, and then seiiurd the cilrbons by 
Take two pioc;cs of 1 in. carbon rod, K, li screws to the piece of pine as shown 
in. long, and cut a recess in the middle of in E. These pieces of carhon should 
each half-way through, and a little more be parallel, level, and a little less than 

in. apart ; the wire from oue 
132. carbon is taken to the top hinge, 



and from the other to the bottom 
hinge. Some of the carbon rods 
now sold have a coating of glaze, 
which is almost a non-conductor. 
Always remove this with emery- 
paper. This piece of pine with 
the carbons attached is now 
screwed to the centre of the pine 
cover of the box, and care must 
be taken that it does not touch 
anywhere else, and is not touched 
by anything. The microphone is 
completed by making two small 
conical pieces of carbon N, as 
shown, with a small hole in the 
centre of each ; a lucifer match 
or other small piece of light wood 
is then filed or sand-papered 
down u» i4S1 iJUJ*' ilfsnnfll as ^ 
knitting-needle, and will just go 
into the holes in th^ carbon cones. 

In one carbon cone! put a pieco 
of this wood about J in. lo&g, and 
in the other .Arhon cone a piece 1 
about % in. long, and round the 
bottom of each of these pieces of 
wood put a small ring of lead 
wire; they are then put in posi- 
tion on the carhon rods, and ap- 
pear as shown in Fig. 1.12, end 
view, where E is one of the hori- 
zontal pieces of oarbon rod, and 
N the carbon cones ; they should 
oscillate freely. Cut these carbon 
cones from - t \ in. roil 

I have long been of opinion that 
the hard carhon microphone 
works by make-and-break as com- 
pletely as the Morse tapping key, 
and that the suggestions as to 
minute arcs/ &c., were unwar- 


Microphone transmitter. 

than in. wide ; drill a small hole in 
the miLdle of each recess ; 4»cnd a narrow 
piece of very thin sheet brass over the 
top of each arm or leg of the piece of 
pine; solder a wire to each piece of 


ranted by facts. I have also 
satisfied myself t^at the Bell tele- 
phone or my clear-speaking telephone, 
and certainly the latter, will reproduce 
human speech when actuated by an 
intermittent current, i*T current of 
sudden impulses, and that the idea that 
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what Loll describes as an undulatory 
current is essential to the reproduction 
of human speech, is altogether unten- 
alile. 1 wanted to get rid of the spark 
.so often seen#n a microphone when a 
strong battery is used, and which ha> 
been the subject, ot so much learned 
writing. 1 believed that this spark wa% 
nnreU due 1o the well-known ‘*e\tia 
cun out,” and 1 determined to try the 
plan that has tor very many years been 
in use for getting rid of the spnik at 
the contacts of electric, clocks an I 
other appal atais. 1 theiefore made a 
resist. mi r toil tif :M . r >5 ft. <d’ No. .‘In 
lLW.ti ticrman-silver silk-covered wile, 
which gives a resistance of little mme 
than 1UU ohms. I connected the ends 
ofthis lesistance c<»il to the two hinge.'.; 
no sj*ark is perceptible, ami the articu- 
lation with my clear-speaking telephone 
as a toco her, is a^ nearly pci feci as 
anything l have met with in the tele- 
phone line. 'ihisjjoil is fastened inside 
1*ie case aho\c tiie'.J.u^ hy a small 

I do not j*lvhe the me tif indtic- 
lion <'# Is with tiaiisiuitteis, and the 
above-described switch-board must be 
altered and made move complicated if 
they are used ; but the arrangement is 
mi, ted for any good receixcr. In con- 
necting up two stations, it will, of 
course, be remembered that the batten 
connections at one station must !»•* 
reversed; that is, the carbon wire 
attached where I have directed the zme 
wire to be attached, and the zinc wir** 
at Inched where 1 have directed the 
carbon. # 

For battery power, I find that the 
battery required to ring a fairly good 
ordinary bell works this arrangement 
well; thus, if two Leelanehe cells ring 
the ordinary bell nieelv, then put one 
I celandic cell at e^ch end of the line 
in circuit with the telephone; if three 
heel an eh e cells are required to ring the 
hell, then put t\w cells at one cud of the 
line, aud one cell at the other end in 
circuit with the telephone. 

1 have oiuittecl to mention that out- 
side the pine cover to which the micro- 
phone transmitter is fixed, I berew by 


its 4 corners a piece of cork 3£ in. 
square and about J in. thick, with 
a J in. hole punched out of. the centre. 
This damps all the sound vibrations, 
except where they are alone required, 
that is, in the centre where the micro- 
phone is at.ta* lied, and is a great 
improvement. 

Sim pli< it \ and efficiency I have alone 
had in \ie\\, and l believe that anyone, 
amateur or professional, who may try 
this ai i.ingement will sa\ th.it I have 
lulls succeeded ; whil.-d as to cist, this 

sw it ch-boai d and transmitter can he 
made and sold with a fair tiade profit f jr 
about J.wj. (11. ii. T. St raugw ays). 

Welding 1 . — (jt) The history of elec- 
tric welding extends over a in mill longer 
period of time than is generally sup- 
posed. Some years ago. Prof, hlihu 
Thomson, among experiments by which 
lie intended to prove the substantially 
identical nature of electrical energy 
under any aud all circumstances, re- 
t i'ImmI au ordinary Ruhmkort' induction 
toil, showing thereby the difference of 
potential between the current in the 
primary and that in the secondary of 
the coil. In pcrfonuiug this experiment 
he brought the terminals ol the coarse 
seioiulaiv winding of the coil into 
contact, and was surprised to notice 
that a high degree of temperature was 
reached instantaneously at the point of 
contact —in fact, such a high degree of 
heat that the ends were' stuck quite 
thinly together, the copper wire being 
actually melted, so that it required 
considerable force to separate them. 
Later, in the course *f manufacturing 
electric-lighting apparatus, it became 
an imperative necessity to discover 
some means of having more perfect 
joints in copper wire than could then 
be obtained. Then his mind reverted 
to the old experiment, aud electric 
welding became an assured art. This 
discovery was made several years prior 
to the building of a wedding machine. 
Subsequently Prof. Thomson designed 
and built a small machine with which 
to weld fine wires. Tho experiments 
with this apparatus wore so successful 
that the iuventor decided to build larger 

cr 
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and better npparni us, ami experiment, 
further witJi a view to welding, if 
possible, much larger pieces of metal. 
These experiments wen* also .success ful, 
and the invention has been much 
further developed in the pa4 year or 
two. 

The principle involved in the Thom- 
son process of oliMtne welding in very 
simple, as indeed is most of the appara- 
tus also. The Thomson process of 
electric welding consists simply in 
forcing through the pieces of metal to 
be welded currents of such large \ olume 
that these pieces can carry them with- 
out heating. Now, when the piei es are 
placed in abutment, the point of greatest 
resistance is where they contact, with | 
each other, and it is of course at t his point 
that the heat is first exuviated, The 
instant heat Js 'generated at the point of 
contact, the reM.stauec at that pla-e 
enormously increase**, and a rou-equeut 
more rapid development of heat is the 
immediate icMilt. The metals are 
consequently raised to a in di welding 
tenijierature in a very remarkably short 
space of tune, and upon a slight 
pressure being applied to force th** 
pieces together, a perfect welding is 
effected. 

The field that is open for flu process 
of electric wedding is surprisingly ’vast. 
One of the most important reasons why 
electric welding is making way so 
rapidly is that the heat generated by 
the current, is the only pure beat 
known. The blacksmith, when welding 
with cither a gas furnace or a coal fire, 
is constantly nulling t he risk not only 
of burning bis incta 1 , but of introducing 
into it foreign matter in the form of 
gases which are very dcletci inns to the 
substances of either iron or steel, which 
are the principal metals worked by 
blacksmiths. The heat generated by 
the electric current is absolutely free 
from all foreign aftd harmful substance.". 
-Again, the heat effected by the current 
is umjer perfect, control- and can be 
niiidu entirely automatic. The heat can 
be begun, and a stop put on the appa- 
ratus which will control the heat 
perfectly. 


Then, welding by t.lie Thomson pro* 
cess N a much neater and quicker 
operation ; also, no skilled labour is 
necessary to operate an electric welding 
apparatus. A young ma^ not knowing 
anything of the conditions under which 
iliilerent metals should be welded, in a 
very short tune became so expert in 
handling these machines that he can 
now, on the first trial, make perfect 
welds m any of Ihu ordinary metals 
and ill almost all varieties of steel, 
including even Mushet and manganese 
steels. 

There are hundreds of applications (»f 
the process. As an example of small 
work, the Avoiding of gold rings is an 
assured success, making a better joint 
than is now made, doing away entirely 
with soldering, and in its place making 
a continuous gold ring; the work is 
accomplished in about 1 of the time; 
and soldering material is saved, an 
enormous wasting of heat is done away 
with, and tin of burning ga*J 

are entirely obviated. 

As an example of soHywdiat larger 
work, there is the welding i*f axes. 
The av* is made of a body of ordinary 
wrought iron, to which is welded an 
edge or face of fine tool steel, tempered 
and toughened. The pieces of metal, 
before welding, have to be prepared 
somewhat in tiiis manner. That is, a 
groove is cut in the body of the axe 
while a taper is cut on the face or 
blade, the latter being set into tho 
former and the pieces* welded in this 
position. Vow, in electric welding this 
preparation is done away jfith. 

As an example of much larger work, 
take the welding of pedestals and loco- 
motive frame". This is an entirely 
j different class of work. The pieces 
have to be carefully prepared, a raised 
portion being left <pi the base or edge 
of the frame, nnd a taper groove being 
cut in the pedestal, so that it may lit 
down over the raised •portion referred 
to. Jn the first place, on locomotives 
are 5 or <> copper rings, the )vire com- 
posing which is of small diameter* The 
joints in these rings ft re at preseut 
made w r ith a blowpipe flame, % and it 
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1 akes an expert. homo 4 or . r » minutes to 
make a single one. Electricity can 
make them in as many seconds. There 
au* also on each one of these loco- 
motives at le#st ISO joints in iron, 
from l in. area of section to several in. 
area. Now, it takes 4 -15 minutes t.o 
make these joints l»y the oidinary prn- 
eess ; elect ru it v can do the \\ oi k in at 
b*a*d J of the time*. There ale oil e;o h 
i i m * t *] 1 1 1 »t j \ e 4 flames, each frame h.ixing 
on it at least H- --.sometimes 1», 4, and 5 
pedestals. Suppose that the average is 
d pedestals per frame. That makes 1J 
pclcstals to the locomotive. To pr**- 
poi e the ends of the pedestals and the 
taper on the base of tin* fiame take .s 
home 40 minutes. They ha\e t o be 
heated and bamineied into shape while 
hot. After they are prepaied ill t In - 
manner they h.iu* to be reheated to a 
w elding t'-mjM*! ature, pi i< ed under a 
Meam iiammei and wehhd, thi.-> last 
operation # in r**,^ir ,lo-40 minute,, 
((f K. Strait.) * 

(••) Although large structures ot 
" rmight iron afftl oi mild steel commonly 
ha\ e thuhr jmrts uuitc l by bolting or by 
# iivet.ing, and although much ingenuity 
has been expended in sc* ai ranging and 
proportioning riveted joints as to 
obtain, in tin* joints, the greatest per- 
centage of the strength of the material, 
nevertheless, cases occur in all stiuc- 
tures where the union of these metals 
hy welding becomes almost, a necessity, 
or *f not a necessity, a matter of con- 
venience and economy. Wrought iron, 
m addition to its many other merits, 
has tlio merit# of being, }mv twcrlfon v*, 
the weldable metal; mild steel also 
possesses this merit, hut nevertheless 
there is always a feeling of doubt about 
a weld, although welds are of necessity 
largely trusted. No better illustration 
of this can he give® than that of a 
common chain, each one of its manifold 
links having a separate weld. In the 
early days id’ # making suspension 
bridges, the links, unless the wasteful 
pioeess of cutting away a large portion 
°f the bar was resorted to, were made 
by forming t.h*j eyes separate from the 
bar, and by welding them on. To 


obviate these ditliculties, as long ago as 
1845, Howard dcvi-cd a plan which, 
while a\ (tiding the necessity of welding 
on the eyes, avoided also the waste of 
material before alluded to. Within the 
last, few years a plan of “upsetting” 
the <‘iids of the hais hy mechanical 
means, so as to obtain the requisite 
materi d lor Hie founathin of the eve, 
has been introduced in the Tinted 
States. Although imperfect mn in a 
weld m.iv.m-e fmm msulheient heat, 
or indeed from an excess uf heat, or 
Irum the application of inadequate 
power to bring the heated surfaces 
togethei, probably by far t lie greater 
propoitmn of defective welds arises 
tr«!lil tin 1 pleselice of some fni*eign body 
bet w i eii the sui faces to he w elded, or, 
as it is expressively called, “ dirt ” of 
some kind or aimthev. Attempts ha\ e 
l*een m.i e to oh\iale thc-r dill'u ultics 
hy employ mg gaseous or liquid fuels, 
and, in rare cn-cs, hy the removal uf 
the oxide cf the metal trom the sur- 
f.o e-, by turning «»r planing. The 
Widdslhat were succe>dvcl\ employed 
for the welding ol laihvay tires in the 
day s prior to the present s\ stem ot 
making t In se tires by continuous nd ling, 
and in tin* hoop form, comprised an 
oidinaiv scarf weld, bird-mouth welds 
in both directions, sin* jc-w edge w elds, 
and double-wedge welds. In all these 
eases hammering was employed; but 
for carriage tires, at all events, the 
butt-weld was used. Ju the early days 
of wrought -iron ordnance, where it was 
desirable to haw* in one piece a 
wrought -n on tube, so Tong in relation 
to its diameter that, it would have been 
dillicult. to have welled it up as a 
single coil, it was made by welding two 
coils together, each of about, half the 
length of the desired tube. It need 
hardly he said that eviy olio of the 
modes of heating employed involxed 
that the heat should proceed from the 
outside inwards. There were also the 
chances of inadequate heat; ctf an 
excess of heat ; and, as has already 
been stated, of the presence of “ dirt ” 
in the weld. Moreover, there was the 
difficulty of ascertaining to what state 
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lie heat hail attain* 1; commonly in 
small welds the pieces were withdrawn 
from the fire, with the consequent risk 
of picking up “ dirt” during re-intro- 
duction. Among the desiderata for 
heating for welding purposes, the mode 
adopted should admit of uniform heat- 
ing throughout the sectional area to he 
welded ; it should admit of absolute 
regulation of the heat; it should he 
free from the possibility of introdiu ing 
either pai tides of fuel or gases between 
the welding surfaces, and it should 
admit also of complete inspection dur- 
ing the time the heating is going on. 
All these desiderata are a (Voided by 
electrical heating. As regards the 
power of an electric current in passing 
through substances to develop heat, the 
most familiar instance is probably that 
of the carbon filament of an incan- 
descent lamp, now so largely used in ! 
theatres, in clubs, and in private houses. 
It, is common knowledge that electrical 
energy is compounded of electro-motive 
force or potential, or preferentially 
u pressure,” multiplied into the amount 
of the current, or the pressure multi- 
plied into the quantity. Whenever this 
electrical energy has to pass through a 
conductor, the resistance of that con- 
ductor to its passage destroys a certain 
portion of the electrical energy, which 
energy so destroyed reappears in the 
form of heat, and must appear in the 
very conductor which has been the 
cause of the destruction of the eleofric.il 
energy. Therefore the amount of heat 
produced must he that \\ liich was the 
thermal equivalent of the electrical 
energy destroyed. What the tempe- 
rature would be, and in most cases it 
was the temperature reached by the 
conductor, as the result of the passage 
of a given quantity of current, which 
is of importance, depends not only upon 
the heat-units % produced, but upon 
other considerations. Although electric 
energy is represented by the multipli- 
cation of the pressure ipto the current, 
it will be found that the heatiug effect 
of any given current is independent of 
the pressure, and that the heat pro- 
duced is in proportion to the current 


employed. As regards the heating 
effect of any given current upon 
different materials, if there were an 
absolutely perfect conductor, whit’h 
offered no resistance to 4 he passage ot 
an electric current, no amount of elec- 
trical energy could heat it, because no 
extent of conductor could destroy any 
part of that, electrical energy. On the 
other hand, in the case of a material 
absolutely impermeable to an electrical 
current, it need hardly he said that no 
heating could result, as no current, 
could pass. Fortunately, the materials 
commonly welded, iron and steel, hold 
a very happy position as conductors in 
the scale of metals for the purpose of 
being electrically heated. The elec- 
trical resistance of metals increases, 
however, with an increase in their 
temperature. This question of tho 
increase of iosistanee due to increase of 
temperature has been investigated by 
l>r. llopkitison, and t^e result ^ obtained 
have been piflTfrsflWt m the I'hllanophiml 
Transurtinns for tho year lS8‘d. This 
increase of resistance toChc passage of 
the current, as the temperature in- 
creases, is of great utility in electrical # 
welding. Consider the two ends of 
bars to be welded ; mere ordinary 
rough surfaces ; the first contact is 
made upon numerous points, through 
these the current passes, and they be- 
come rapid 1\ heated, and offer more and 
more resistance. As end way pressure 
is applied, the surfaces in contact be- 
come of larger and larger area, until nil 
are heated up uniformly. The greater 
current seeks those f parts which, 
although in contact, are at a lower 
temperature, and this goes on until 
contact and uniform temperature are 
obtained. Having regard to the fact 
that the particular form of electrical 
energy needed f<y imparting heat h 
that of large current and low pressure, 
it will be seen that there is very great 
difficulty, amounting ‘almost to a com- 
mercial impossibility, of transmitting 
electrical energy in such a. form over 
any but very shor^ distances, for, 
unless the conductors were of enor- 
mous size, they themselves wmld be 
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in the sense that they do not lend ' have been invented, has been tor the 
themselves to successful welding l*y jmrpo.se of reproducing faithfully and 
any of the ordinary processes. constantly a set of conditions necessary 

At the Crewe works one of these to obtain a certain result. When the 
welding machines is in use, shutting on conditions in any case are few, and the 
eyes to screwed* rods of some J in. product simple, generally one design ot 
diameter ; the weld is made close up to j machine will .be sufficient. . Wifh an 
the screw; which is in no way injured ■ increased number of conditions, how* 
the jiroces^ It has also been j ever, the complexity ol the appara- 
em ployed to weld ends to tubes, to tus increases rapidly, and demands, in 
weld together the parts of twist drills many cases, subdivision into different 
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pmco'iM's to he executed by separate J points and low conductivity for heat, 
machinery. What constitutes skill in easily fusible metals, and especially 
a working man, for instance, is the good conductors, baflle all attempts 
ability co-ordinately to repiodm as an exterior heati source is 

number of opci aliens or movements : to employed. ^ 

be, in other words, a perfect machine, The electric welding process has not 
or to produce the same result, even if only made it possible that operators 
other conditions than those pruuously not particularly skilled in the art of 
contemplated should arise. blacksmithing can produce good sub- 
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Klee trie welding apparatus. 

To secure uitform results in the stantial welds, but lias created ail art 
practice of a diilirult operation, there equally adaptable to an metals and 
are two ways possible. combinations of metals. 

1. To employ skilled help for the The following are all the metals, 
complex portion of the work alone. alloys, and combinations so far actually 

2. To substitute for the more complex , welded with success by the Thomson 


portion of the operation, one more , process : — 
readily controlled. 

The ordinary welding process requires Mictals. 

the greatest skill at the hands of the ; Wrought iron, Tiy. 

blacksmith for heating the metals to the ; Cast iron. Zinc, 

propel temperature awf at the right Malleable iron. Antimony, 

spot, while preventing the accumulation Wrought copper. Cobalt, 

of cinder or scale. While skill may be Cast copper. Nidkel. 

successful with metals of high melting Lead. Bisnnrth. 


RESISTANCE 
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Aluminium. Gold (pure). 

Silver. Manganese. 

Pint ilium. Magnesium. 

Alloys. 

Various grades of Fuse metal. 

tool steel. Type metal. 

Various grades of Solder metal. 

mild steel. German silvoi 

Ste< 1 castings. Aluminium all< ved 
llhroine steel. with iron. 

Mushet steel. Aluminium hr: 

Stubs steel. Aluminium br< 

Cresrent steel. 1 ‘hosjilmr hrom 
Ue^emer steel. Silieon bronze. 

Cast brass. (\>in silver. 

Gun-metal. Various grades 

Brass composition. gold. 

Com m NATIONS. 

Copper to brass. Wrought iron t 
Copper to wrought tool steel. 

iron. 9 Gold to German 

£opper^o German • „I>er. 

silver* Gold to si fver~ 

Copper to enjd. Gold to platinum. 
Cojipe^o silver. Silver to platinum. 
Brass to wrought Wrought iron to 
iron. Mushet. steel. 

Brass to cast iron. Wrought iron to 
Tin to zinc. Stubs steel. 

Tin to brass. Wrought iron to 

Brass to German crescent steel. 

silver. Wrought iron to 

Brass to tin. cast brass. 

Brass to mild steel. Wrought iron to 
Wrought iron to German silver. 

cast iron. Wrought iron to 

Wrought ir^ji to nickel. 

oast steel. Tin to lead. 

Wrought iron to 
mild steel. 

But Prof. Thomson was not satisfied 
with his progress pi ado above ordinary 
welding ; lie early recognised the im- 
portance of a machine in which all 
conditions for successful operations are 
mechanically controlled to produce 
uniform . results, work rapidly, and 
require little or no attendance. 

Such machines, now known as auto- 
matic weldihg machines, have proved to 


be of special importance in connection 
with easily fusible metals, enabling the 
successful welding of aluminium, silicon, 
ami uliiimnium-bjN'nzo, which require, 
even with the electric process, con- 
side i able skill. 

Before entering into a detailed de- 
scription of the automatic welder, a few 
general data oil welding will he in 
order. 

The Thomson piocoss of electric 
welding can he and has been worked by 
means of continuous «r alternating 
current's; secondary batteries or unipo- 
lar machines may and haxo been used. 
There are such conditions a-, transporta- 
bility, absence of motive pow or. situa- 
tion m continuous distiihution district, 
&t\, which may make it advisable to 
use the continuous current. The alter- 
nating currents, however, hiuc so far 
been found the best adapted to he eco- 
nomically produced of large volume at 
low E.M.K. They arc easily and eco- 
nomically controlled, niul allow of being 
distributed at high pressure with small 
conductors, and of being reduced to 
winking pressure wherever needed. 
They have, however, another beneficial 
elVeet, which is of importance in all 
wolds of large sections. 

It U a well-known fact among manu- 
facturers of incandescent lamp lilaments 
of large section that the inner portion 
in a tilamcnt is apt to he overheated. 
Ill treating filaments as used in the 
commercial series lamp, in hydro-carbon 
atmosphere, the waiter once thought of 
producing a specially good quality of 
carbon liv start ing’V ith an extremely 
thin base ' 0« >4 in. thick, and obtaining 
a li lament tUL-Oo per cent, of which 
consisted of hard, grey, lustrous caihon. 
II is idea was also to extend this process 
to the manufacture of arc light carbons, 
and even produce pencil.* of about £ in. 
diameter. What was his surjwi.se, 
however, to find {hat although the 
lustrous surface presented at all times 
a dense grey structure, Ihe core lost 
this charactin* after a certain tnickness 
of carbon had been deposited. Ill fact, 
a number of concentric layers would be 
discovered, from the inmost, graphite to 



200 


FXKCTKICS. 


the douse grey, semi-crystalline at the 
outside. 

This action can in tny mind only he 
attributed to the over-heating of the 
carbon particles in the inside. A similar 
action takes place in a bar of iron if 
heated by an electric current. The 
surface exposed to radiation will be at a 
lower tom) erature than the core. It i-> 
true that the heating of the metal will 
increase its resistance and thus lead 
to equalise, the temperatuie, but not 
enough in all cases, ilv the use of 
alternating currents we gain, however, 
an assistance in the self-induction. The 
effect of the latter is especially marked, 
and has a tendency to concentrate the 
heat on the surface. 

If there is any place that receives 
more current than another, the effect 
of the self-induction is emphasised l»y 
the fact that the surrounding part is 
cool, and its permeability is greater 
than the part traversed l>y the surplus 
of current. With very large and 
especially wide metal pieces the uneven- 
ness of distribution may be remedied by 
approaching iron masses to create at a 
given spot a greater self-induction or 
counter E.M.F., thus diverging the 
current from that section. Prof. Thom- 
son has early recognised the importance 
of, aud has patented, a device to prevent 
the heating of the metal at a given spot 
by creating locally increased self-induc- 
tion or magnetic effects. 

In view' of this, it. is interesting to 
note the paper controversy between 
parties disputing the priority of a de- 
vice that is to produce exactly t he 
opposite result, with, however, the same 
means and conditions. 

Two methods of distribution are in 
use: the direct and the indirect.. In 
the former an alternating current 
dynamo is used, having two winding* 
on the armature, one of which furnishes 
currents rendered dbntiimous by a com- 
mutator to excite the field magnets, ami 
is controlled by switch and rheostat ; 
the othfr consisting of a single turn of 
heavy copper cable furnishes the wadd- 
ing current, which is led through 
collector and brushes to movable copper 


clamps suitable to receive and guide 
the welding specimens during the 
operation. 

In some other forms the field-magnet 
is the movable part, in ydiicli case no 
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heavy currents have to be carried 
through collector and brushes. No 
direct welder.** are built at present for 
currents larger than 4000 amperes. 

The indirect method of distribution 
is almost, exclusively used to-day. It 
consists in its simplest form of one 
alternating ciffTcnt. dynamo, i>elf o^ 
separately excited, and one welder that 
is a transformer, with tl\“ necessary 
clamping and operating apj/iiAiices. 
The self-exciting dynamos used are 1000 - 
110,000 watts output, and may be regu- 
lated by means of a reactive coil to give 
a varying K.M.F. never to exceed J100 
volts. 

They are substantially built to with- 
stand sudden strains, and have self- 
oiling bearings ; brushes are never to be 
moved and perfectly sparkless, requiring 
no other attendance but cleanliness. 

The winding on the transformer being 
one for all set, variation iifc the K.M.F. 
has to lie obtained either by varying by 
hand the initial K.M.F. of dynamo, or to 
excite a dynamo to the lowest potential 
required, it being so compounded as 
to give with the maximum work the 
increased K.M.F., or (Jnally to maintain 
a constant K.M.F. at dynamo under all 
loads, and vary the K.M.F. at the trans- 
former by interposing a variable resist- 
ance, or, preferably, self-induction. The 
transformer itself may be built so as 
to give a different ratio # of conversion, 
either by moving the primary and 
secondary relatively to each oth%r, or 


ELECTRICS. 


201 


by shunting lines of force by means of 
an iron bridge between primary and 
secondary, or by altering the number of 
turns in primary and secondary by a 
switch. 

When a single plant is used — \i/i. 
one dynamo and one welder, it i^ the 
dynamo generally which, if separately 
excited, is regulated by means of a 
i lieostat in the exciter circuit or by a 
• reactive coil in series with exciting toil 
on armature if self-excited. Fig. 133 
shows the connections used with a 
separately excited machine. The only 
tiling dillerent from similar installations 
is the break-switch, which is operated by 
a foot treadle, and automat ically opens 
the circuit when foot pressure is re- 
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moved. This prevents any mishaps 
when operated by uninitiated persons, as 
all action ceases when one leaves the 
apparatus. The primary voltage never 
exceeds 300 volts, with 100 alternations 
or 50 complete cycles per second. 
Nothing but the very best insulation is 
used in the primary wiring. It is 
deemed necessary to protect customers, 
not only against any shocks, but even 
against the scare of one, and we recom- 
mend to ^permanently ground the 
secondary, which in welding apparatus 
is virtually the table and pressure 
devices. 

Fig. 134 show's the connections used 
for a self-excited composite dynamo, 
which has two windings on armature, a 
longer main and shorter exciting coil. 
Both are wound in the same direction, 
and currents generated therein pass in 
multiple commuted through the shunted 
field-magnet; after this through line 
No. 2, controlled by a break switch aud 
split., one returning through reactive 
coil wd lice 3, the other through welder 


and line 1 to their respective windings. 
The exciting cli'erts of each circuit add 
themselves. Reactive coil is conveni- 
ently placed near the wcldtr. llynamo 
is regulated fi oin minimum to 300 
volt and excited fur each weld anew. 

For some woik whi< h recjuiies to be 
done at great speed, the .second method 
is reburied to; that is, to keep the field 
(distantly excited by fixing a variable 
k active coil in a given position just 
enough to produce about 150 volts, the 
lowest K.M.K. required. The proportion 
of the field-magnets, the E.M.F. of 
exciting coil, and the resistance of a 
shunt to field, an* siuh as to product an 
over-compounding of 100 per cent, in this 
case with largest current in primary. 

This method of regulation is very 
nice, as it is absolutely automatic, 
responds quickly, the field of thedynamo 
not requiring to “build” every time 
from residual magnetism alone. We 
sometimes call it “ cubic compounding,” 
as if produces a constant heating ellect 
for variable cross sections and variable 
lengths as well. With this modification 
the wiring is slightly altered, the 
break-switch breaking only the main 
ciicuit, leaving the exciting circuit 
permanently closed. 

The methods so far described are only 
used w hen a single welding machine is 
to be operated. It was early recognised 
that if the process i.s at all to be used 
on a commercial basis, that at least the 
generating of the necessary currents 
should be limited to as low machines as 
possible. It required, in other words, a 
dynamo, giving a nearly constant K.M.F. 
of sufficient capacity to feed a number 
of welders while maintaining for each 
absol ute independence. 

Since all welding for a long while to 
come will probably be operated in 
isolated plants, the dynamo is to be 
placed in the lianas of an engineer 
generally, not an expert in electrical 
matters, and has, therefore, to be easily 
attended and free from all tlje little 
faults and kinks which arc at present the 
sole consolation of the dynamo tender. 
One of its prime requirements are close 
automatic regulation under all loads. 
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Constant potential, self- regulating 
dynamos are manufactured in various 
sizes, ami are self-exciting up to 3(>,0u0 
watts output. Dynamos with larger 
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output are separately excited ; but also 
self-regulating. Either constant poten- 
tial or a percental increase with load 
ran be obtained, and the regulation 
responds even if the load consists of 
self-inductive translating devices. 

I lay some stress on the regulation of 
the dynamo for the reason that the 
generators arc; not to be placed in the 
hands of special attendants, as in case 
of a central station, hut have to deliver 
their currents under constant pressure 
whatever may he the conditions of work 
they are subjected to ; even an auto- 
matic regulator would hardly he able to 
follow the rapid variation of load. 

The following conditions influence the 
perfection of the work, and are variable 
with different materials and sizes : — 

1. Projection of the abutted pieces in 
the path of the current. 

2. E.M.F. of welding current as con- 
trolling the strength of current flowing. 

3. End pressure applied to force the 
abutting ends into each ot^r at welding 
heat. 

f>. Interruption of current at proper 
time. 


1. The projection of the abutted 
pieces varies with the diameter, it has 
been found that for copper, a projection 
of twice the diameter for each clamp 
ghes the most ecoumy'cal results. 
With steel and iron, the most economi- 
cal projection equals the diameter, and 
is for bras'* 14 times the latter. 

The projections sensibly affect the 
energy required, and the most economi- 
cal one depends upon the heat-con- 
ducting properties and specific resist- 
ance of the specimens. Accordingly 
high conducting bodies require longer 
projections, highly resistant ones short 
projections. Conductors of larger and 
smaller diameters may ho welded by 
giving to each its respective projection, 
in the same manner may wires of dif- 
ferent material he joined to each other. 

It is easily understood that since 
unequal projections on different sized 
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conductors produce the proper heating 
of both at their junction, equal pro- 
jection of equal sized conductors will be 
required. All other conditions neglected, 
it is important to keep the projection 
for a given size and material constant. 

2. The E.M.F. required depends upon 
the projection ami the distance of the 
material to be welded. *For larger 
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cross section, the specific sidf-indiiction | 
plays sm important. role, ami indue 
the shape of the specimen. 

Another factor all'cctiug tlie F.jVI.F. 
is the resistance between damps and 
material and the resistance of copper 
conductors. The E.M.F. required for 
iron and steel is nearly double that. for 
copper, and would he *4- times if equal 
project mu were used for both. 

A certain drop of E.M.F. will In* 
tmmd from the clamps to the specimens. 
This drop is rather low on mateiial 
having naturally bright surfaces as, for 
instance, copper, brass, (iermnn silver, 
tin, or even cold-rolled iron and steel. 
For a large claims of woik, however, 
especially m carriage hardware, the 
surfaces to be used for contacts haw a 
light scale left after passing through 
the rolls, which has either to be mnoxed 
by grinding or tiling, or to be n\er- 


be performed until the metal has ac- 
quired the necessary plasticity to vield 
to the pressure. Jf, for one reason or 
j another, the K M.F. and, consequently, 

| the cunent slmuld haxc been ton strung, 
i the time necessary for weldiug alone is 
1 atlecied, and in this case shortened. The 
| liars will, however, he united at the 
temperature and with the same 
fun , w hatex er the time may hax e been 
use* to bring about the plasticity 
nert ,saiy. The pressure will in some 
l os ‘cts inti uenee the heat by forcing 
tin metals into each otlnr at either 
higher or loxxer temperature, and by .so 
doing lause the at t ion to he inteirupted 
at an earlier or later period, as may he 
IN quneii. 

The pressure required varies with the 
mati rial, and is approMinately lb 
ptr nj. in. for steel, 1-00 per sq. in. of 
iron, f.oo lb. per sq. in. of copper. It 


come by the E.M.F. of the current. In x arms also with the areaoi cross section, 
a good many c.7*cs, the introduction of as indicated by its being expressed a 
•a special process of ciiJiningJ.s deemed* jyuwt ion xvith the surface as one of the 
to be more expensive than to use a little factors. 

extra poyir to work through the 4. The interruption of the current as 
scaled soon as the we’d is completed is im- 


3. For uniformity of result the end port ant. for all oasibly fusible metals, 
pressure required to press the abutting • When two copper wires are welded 
specimens into each other at welding j together, the welded portion being in- 

| creased in cross section owing to the 


end pressure, if the current is not 
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interrupted a large portion of the con- 
| doctor on either side of the weld, in- 
cluding the latter, becomes heated, and 
will melt and be torn asunder before 
any pressuiu device could follow and 
over-bridge t he gap. 

The current sfriuld, therefore, be 
interrupted as soon as the weld is com- 
pleted. It is also sometimes required 
that the parts to be welded should be 
of a certain predetermined length, in 
which case the interruption of the 
current as soon as the allowable dis- 
tance lias been reached is essential. 

All these conditions are maintained 


heat is of m^re importance than any constant in the automatic welder before 
of the former agencies: this is, in fact, us, which is the first commercial type 
the on$ which controls and rectiiies any of its kind.* This welder is not entirely 
inaccuracies in the former conditions. If automatic in the strict sense of the 
the pressure ^necessary for a given size word. The degree of automatic action 
and # matefinl is used, the weld cannot \ has to be considered for each individual 
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object separately. This machine con- 
tains, however, the lending features as 
Covered by Prof. Thomson’.*, patent, with 
a fe\V improvements in mechanical con- 
struction. The capacity of the machine 
is nominally copper wire No. (> to 
No. 17 A<». It will, however, weld 
larger and smaller sizes. It weighs I 
13oll». complete; the secondary is one 
solid coppiM* casting of a ctoss section 
resembling a hollow square box with 
one of the sides removed. 

This casting is linulyscrcwed to an iron 
table. A saw-rut it right angles to the 
plane of loop create-* the two pole*., one 
insulated from the table, and the ottr»r 
constituting a V-shaped hearing .suitable j 
to receive a sliding clamping device. 

The hollow part, of the secondary is 
to recei\e the primary coil which is 
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separately wound in a form and insu- 
lated with special care. Two U -shaped 
laminated iron cores embrace primary 
and secondary. 

It has been found ^that the best form 
of transformer is the one in which the 
primary and secondary coils are co- 
axially placed on an iron core, so as to 
oblige aft lines of force ^nerated by 
the former to cut through the latter. 
If the two windiugs are placed side by 
side on an iron core or on opposite legs, 


as shown in Fig. 1135, there is a tendency 
to form consequent poles at the point 
where the two windings meet, due to 
the leakage of lines of force. The 
leakage will depend upon fdie distance 
between the two legs and upon the 
length of magnetic circuit. It has been 
purposely increased and turned to 
advantage by l’rof. Thomson, for obtain- 
ing constant current in the secondary 
while l lie primary is sup] died with con- - 
slant E.M.F., Fig. I'M). When, however, 
constant. E.M.F. in secondary is re- 
quired, it is important that this leakage 
should he det reaped to a minimum. 

Various forms of secondary may he 
employed to work consistent with the 
above piineiple. A few of these are 
shown in Figs 1,‘»7, 13«S, 139, and 140, 
in which cases the secondary is pre- 
ferably a solid copper casting. Forms 
shown in Figs. 140 and 141, however, 
permit hard lolled copper plates to be 
used. * % 

For mcrhaniifn reasons and ctyiveni- • 
once, forms Nos. 137 and 138 are mostly 
used, and actual experience sdows prac- 
tically no leakage. This constitution 
permits of removing the primary with- 
out disturbing the secondary in the 
least. It also gives the least possible 
self-induction for a given cross section. 

It is often found stated that when 
large quantities of alternating currents 
have to be conveyed through copper 
conductors, it is important, to have the 
same laminated or subdivided in smaller 
conductors to reduce self-induction. 
This may be true to a certain extent. 
The shape of cross section it'howcYcr, 
far more important than the lamina- 
tion. 

An experimental compound con- 
ductor, consisting of a number of flat 
copper ribbons in parallel, showed a 
self-induction of three iv hen the ribbons 
were closely packed, of two when 
separated into two parts, and one when 
spread open like a fail, • 

The explanation for this was given 
by Prof. Thomson, when he showed 
self-induction to depend postly upon . 
the length of the lines of force sur- 
rounding a conductor when traversed 
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by intermittent or alternating cur- 
rents. 

The pole which is insulated from the 
table constitutes the stationaiy clamp. 
The uninsi^atcd pole, which is con- 
siderably larger, lias on its upper side a 
long V-shaped groove parallel with the 
axis of the secondary, Fig. 142. A 
movable copper block, aho V-sli.iped, 
fits in the hearing, and can be .did in 
the same forward and backward. 

This movable block carries the second 
clamp. The current necessary for 
welding lias to passthrough this 'tiding 
contact. The welding of small copper 
wire, or any other easily fusible metal, 
is a very diflicult thing, if special appa- 
ratus is not used. The current required 
is very large, several hundred amperes 
for wire not larger than No. 17 A <5. 

The niPtal when it reat lies welding 
heat readily melts aw.iv, and has to be 
followed by the movable damp, so as to 
prevent, the banking of the eiicuit. 

•Thto fat to r action, who. 1 * it. occurs, is so^ 
\ ml cut that a special device iTiicct*®ary 
to prevej^ injury to the coil in case of 
suelidPT rupture. The movable clamp, 
in order to follow the softening of tin* 
metal, has, therefore, to have as little 
friction as possible, and jet has to make 
a good contact, to carry the heavy 
currents. The damp is furthermore 
required to move in true guides so as to 
abut the small conductors with their 
axes in line. The heating necessarily 
brought about when rapid and con- 
tinuous welding is done must not. inter- 
fere with the bearing, and cause the 
carriage t^ stick through expansion. 

All these conditions have been com- 
plied with in using the V-bearings, the 
carriage being held down in contact by 
means of a heavy spring, and number 
of copper rollers being interposed be- 
tween the carrjjige and the bearing. 
Fig. 142. The copper rollers are simply 
short pieces of J in. hard-rolled copper 
wire rounded* at the ends. There are 
16 altogether, 8 towards the fiont and 
8 towards the back qf carriage, equally 
distributed on both sides of the bearing. 

A stationary rod at apex of bearing 
presents the interference of the- two 


row's of rollers. Hot wren the two Nets 
of rollers in front and in back a bolt 
parses applying the spring pressure, 
forcing the carriage into contact, with 
the bearing. A pressure of 4<)lb. may 
he emplojcd, and yet the carriage will 
move freely. These 16 rollers have 
to transmit a cuirent of approxi- 
mately !»<»00 ampcie-J. They absorb 
about 20 per tent, of the total 
energy, which loss is. ho\\c\er, fully 
balanced by -he reliability mid sim- 
ple ity of the device. This loss is, 
momtver, only on the maximum sizes, 
and becomes insignificant on small 

Wol k. 

An adjustable coile.l spring pulls the 
sliding clamp toward the stationary 
one. In front and pivoted on a lever is 
the distance gauge, which may be in- 
serted between the two clamps. This 
range carries on a central disc a number 
of steel puis of varying lengths, but 
equal projection on either side of disc, 
Xu#se projections, if inserted between 
the two i Ian i j is, give the nece«*Nnrv dis- 
tance required for a given si/e wire, the 
disc against w hich the wires nr** abutted 
ensuring equal projection of both ends 
to be joined. On the hack of the appa- 
ratus a switch is located in the primary 
circuit, which is norina ly held open by 
a spring. Bv moving the handle to the 
right the primary will he closed, and 
the switch locked by a little catch 
underneath the table. A pin fastened 
to movable clamp will lift the catch 
and k lease the switch, thus opening the 
circuit. 

An iiitermediateiever between catch 
and piu operated by a sliding rule, 
which serves also as an index, permits 
of varying the point of cut -oil’, which 
has to be in a certain relation to the 
distance between clamps. The position 
of rut-off, tension of spring, distance 
between clamps coi responding to each 
oilier, are marked \Vith the same figure, 
which is also inscribed on a wire gauge 
fastened to the welder. By inserting a 
wire into tftie gauge the mnAVir read 
will give the necessary adjustments at 
once. 

If, by imprudence, the switch should 
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be moved to the right. while no stuck is 
inserted and the clamps in contact with 
each other, the switch cannot he locked, 
and the fuse in primary will he blown, 
w ithout, however, causing any damage. 

The insertion of the distance gauge 
between clamps locks the switch, so 
that primary can only he closed alter 
withdrawing the gauge. 

The operation is as follows: — 

1. The wires to be welded an 
gauged. 

2. The distance gauge and < ut -off are 
set to correspond with number cm 
gau^e. 

d. The movable (lamp is moved t< 
the right and gauge inserted. 

4. iioth wires are s« curdy < lamped, 
care being taken to abut tin- ends 
squarely against the disc. 

5. Tlie gauge is withdrawal. 

(5. Tlie switch is moved to the right. 

7. The reactive coil moved toward a 
position of minimum leaction, and lc- 
stored to maximum after w eld ha* b 
completed. 

8 . Th<! clamps are opened and the 
weld removed, after which the opera- 
tion can he repeated. 

If a good many welds of the same 
size material are to be made, the re- 
active mil may once, for all be set in a 
given position, and the switch alone he 
operated. 

Welds made with the automatic 
machine have attained a uniformity not 
obtainable with very skilled operators 
working without it. In fact, small, 
easilv-fusible wires van scarcely be 
welded with certart.ty with ordinary 
apparatus. For aluminium especially 
the automatic apparatus is needed. 

The reactive device used in connec- 
tion with welders is the type recently 
described by Prof. Thomson, in which a 
cast is made to more or less cover the 
primary, the self-induction of which is 
to lie altered. To obtain still a larger 
range, the windings of primary can be 
coupled in series, or multiple series, or 
multiple* by a switch in ba£e of coil. 

As mentioned before, the welding of 
easily fusible metals may sometimes 
cause a rupture of the secondary cir- 


I cuits, which, owing to its violence and 
Aulume of energy, may cause a burn- 
out of the primary if not guarded 
against. This danger is not very great 
in the automatic machine since the 
end pressure does not depend upon the 
attentions of the operator. A special 
device is, however, used as an extra 
priM ant ion against all emergencies. 

Hi caking a high-Uii.Mou circuit 
rapidlv is not ca**il\ done. An arc 
generally follows the break, and this 
| lengthens the time of the rupture. If 
j the voltage of the c ircuit to be broken 
] is so low that over tlie slightest dis- 
tance an arc cannot follow, the break 
will be instantaneous. This is the case 
jwith tl imlnry circuit of Avoiding 
transformer. voltage, being ordi- 

narily only one \olt, would, even if 
increased tenfold, not be aide to main- 
tain an aic. However, multiplied in 
the primal y it, will cause E.M.F. sulb- 
cienl to pierce throughi lie insulation as 
ordinal ilv jised^ This action is sininar* 
to a" KliuniknrfT coil, in which the in- 
tenupter is caused to break, ^undev oil 
or water. The discharge is takers cave 
of by a special apparatus. 

While the machine before us is only 
one tape embodying the principal 
features contained in all, others have 
been manufactured, <>r are in process of 
construction, in which the automatic 
character lias beou carried out even 
flirt hd, as in the welding of rings and 
chains. The present model in its first 
form is able to produce 2&0 ft. of chain 
in a day without any attendance to 
speak of, the plain wire bei^g fed into 
the machine at one end and tlie com- 
plete chain coining out of the other. 

The automatic principle is, hoAvcA'er, 
not confined to small conductors. We 
have welders with 40,000 watts output, 
capable elding 1 ip. copper or 2 in. 
iron, const rinded and working daily on 
that plan. The projections are deter- 
mined by adjustable stops 7 the pressure, 
the most importaut of all, is hydraulic, 
and regulated by an automatic reducing 
valve, the exhaust being i^sed for cool- 
ing clamps at the same time. The 
primary is controlled by adjustable 
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inactive coils from a cod st ant potential { refractory metals almost nistantain*- 
circuit, and is interrupted at the proper j ously ; hut the action i> purely local, 
time by the clumps. While not all like that of the blowpipe, and only 
machines to-day arc operated on this those parts upon which the arc pla\s 
plan, I am ccmvincod that the evolution diiectly are attacked, tin; adjoining 
of the welding process tends in that portions undergoing little change; and 
direction, and that the welding in future i the fused mass solidifies and cools very 
will he, in the full sense of the wind, a ! quickly. In the llenardo* process the 
purely mechanical operation. (Il.Lemp.) j mab'iial requires little or no prepara- 
A method of welding by eleetneity, | turn. K\en a pretty thick layer of 
% ch» vised l»y Nicolas Von llenuidos, ot | o\nle will he leduced and drop off, 
St. Petersburg, has recently, attraeteil j while smaller quantities of oxide unite 
considerable attention on the Continent, j to form a slag with the sandy clay 
and possesses several teutons wlu«h frequently added as a lluv. This slag 
lender it quite distinct from the vui ions prevents the oxidation <d’ the metals 
processes of fusing and retiming by lie cooling. Mo otlu 
me. ms of the electric cm nut or the roquued. Tlie opoiatioiis -an also he 
electric arc, proposed from time to tune tarried on under water,: though the 
by Siemens, Clowes, Thomson, Wallncr, gases and steam gem rated » use tumble, 
and others. It seems moreover, lobe Nca vitlmles--, an apparatus lias been 
thoroughly practical. An account of constructed t > facilitate such work by 
the process, together with a dost 1 iptimi foiemgthe w; ter awa\ from the parts 
ot the ad a milages whieli are claimed as to be f leaded In means of compressed 
resulting from jf, lias been given by air. One t f the chief advantages 
4» n d» d tnhlmann, of (’hjiimit/, after a Mimed forth ■ new s\ stem appeals lobe 
t 11 eful*st mly of the P*enaidos' ,.**>. ’fss 1 that the arc is brought to the work, and 
at J>t. Petersburg; and the following not the woik taken to the arc, which 
n^lftlows closely his able and would mean transformers, crucibles, or 
interesting articles published recently. other apparatus. Si/e is hence a 
ltanardos works directly with the question of secondary importance, and 
electric arc produced between a carbon unwieldy pieces may be dealt with, 
pencil as one terminal and the metal to although for soldering work of the 
be treated as the other terminal. This ordinary kind a spetial operating table 
has been suggested and tried before, is employed as more convenient. An 
Put the carbon w«*is made the negative accident at Struve's emery works, St. 
pole, as it was feared that otherwise Petersburg, directed general attention 
the consumption would be embarrass- to this proves, Tin ovks have 
iugly rapid. Hence the metal became vertical boiler 

the positive jade, that is to say, it which had become leaky, and the works 
became exposed to energetic oxidation ; were practically at. standstill. The 
and a grejit deal of the trouble expo- consulting engineer declared that the 
rieuced by other experimenters arose repairs would be rather expensive, and 
from this circumstance, in the ltanardos | might occupy P» weeks’ lime, llenardos 
process the carbon forms the positive inspected the boiler, and offered t 
termiual ; it is, of course, quickly con- repair the heaters that very day. The 
sinned, but can easily be replaced; on boiler was put on a truck, taken to liis 
the other hand, there is a favourable works, treated elect ric.il Ivon the truck, 
reducing action going on in the fused and wheeled hack, alHu hours. Prof, 
metal. The gseat importance of this Puhlman saw' th* boiler in lull action 
modification can easily be tested by the next working duv. big. 118 ]s 
changing; the poles, when the work reproduced f.om a photograph* taken 
soon becomes enveloped in a dense during these repairs, and illustrate', 
cloud of oxidised products. The intense the simplicity of the process. We may 
heat ^>f thtf arc melts even the most mention auother case reported by Prof. 
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Ruhlmann. A cast-iron flywheel of more 
than 5 tons weight had been broken 
into several pieces while being taken 
down from the truck. The pieces were 
fused together within a few hours, and 
tin* following day the flywheel was in 
place and at work. 

A glance at Figs. 14.T-50 will give an 
idea ol the gres. v.u iety of i ircimistancvs 
under who h this pi'mes-. is applicable, 
kt is dear that tlx wheels cannot be 
treated in the same way as telegraph 
wires ; and that a soldering and welding 
plant, to he jvally useful in the work- 
shop or foundn , should he able to d» al 
with doliiate art odes of a few' lb. or oz. 
in weight equally well as with heavy 
pieces. Economy will in general he m 
fax our of one source of power foi the 
various operations; hut. then t lie opera- 
tor must Jia\ e thorough command o\cr 
the Volts and ampere-, of Ins currents if 
the are is to have the proper volume 
and temperature.* The length of the 
a/Tmay^w ithm small limits, b%’»d 
at will; the currents themselves may 
he modified,.* ilh the help » »T resistance 
coils. JSut this is not. suflieient. Sup- 
» posing that the workman lias to do a 
little tin soldeiing, and to weld two 
large thick boiler plates a few minutes 
later, he must he in a position to vary 
both tension and quantity of the cur- 
rents within very wide limits. A 
dynamo alone would not do, there must 
he accumulators also, and these of a 
special kind capable of being charged 
with strong currents and discharged 
either at a few amperes or at several 
hundred titles that amount. Fa urc 
accumulators are not, adapted for such 
work, nor are those of the Flante type, 
as they cannot store up suflieient quan- 
tities of electricity, although they bear 
strong charging and discharging cur- 
rents. Bernini os ha« constructed accu- 
mulators for the work which are not 
strikingly novel, but seem well fitted 
for their special "purpose. Prof, Uuhl- 
mann saw at St. Petersburg some cells 
in very fair condition which had been 
in use for morifc than 1J year. It is 
further noteworthy that at the Creil 
Works, #where the lienardos processes 


have been under trial for some time, 
serious diiliculties had to be encountered 
until the accumulators already there 
| were exchanged for the Bcnardos bat- 
! teiy. The complete cell (Fig. 14.">) weighs 
;E> lb. and contains 9 lead plates (Fur. 

( 1 14), all of the saint 1 kind, 4 positive and 
! 5 negative, w ith lj s«|. yd. total surface. 
Eat h plate consists of a fiame cast, of 
pure had, 0 in. by 7j in. surface, and 
1 } t in. tliiek. r rhe interior of the frame 
is filled with strips of thin lead, alter- 
nately stiaight and cun ligated (Fig. 

I 145) soldered into their places ; the lat- 
ter stiips aie bent in such a manner as to 
j fat ilit.it e upward cm nuts in the liquid. 
Such < in leiits anse during chaiging, 
owing t(» the development of ga-, which, 
if kept wit niu pi oper limit*, i> thought 
advantageous to these cells ; the upward 
1 currents equalise the ditfcience in 
( density ; the curvature of the bent stiips 
: favours the liberation of the small gas 
( hubbhs, and (hecks the formation of 
$,cr bubbles, which would cause 
( buckling, faoutchouc prisms separate 
the positive and negative plates, the 
i poles of which are simply soldeied to 
st longer load stilus running along 
either side of the cell. Diluted sul- 
j phuric acid of 1*125 sp. gr. circulates 
: freely between the plates. The total 
i weight of the comphte cell (55 lb.) is 
! made up of 24 11). for the 9 plates, 8 lb. 
j for the acid, and 5 lb. for the glass jars. 

| The cells have an interior resistance of 
j 0*002 ohiu and give 2*5 volts, when 
continually charged while at work; 50 
to 70 of these cell^are joined in a 
battery ; scveial batteries, 5 for in- 
stance, are grouped in parallel, and are 
continually charged by a shunt dynamo. 
Fig. 140 explains the ordinary connec- 
tions. The shunt dynamo charges the 
50 accumulator cells in series ; a volt- 
meter and an amperemeter are inserted 
at V ami A. From the positive termi- 
nal of every fifth cell a wire leads to a 
plug switchboard IJ ; from II the 
current passes through a variable yesist- 
nnce W, and from thence through a 
flexible cable to the carbon holder Zand 
the carbon pencil K. The operator 
manipulates bis bolder Z, the metal to 
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In 1 fuii'iJ, placed upon t ho table V, being 
joiuod directly to the negative terminal 
of the battery. By insetting the plug 
in tin* sw'ita bboard 11, tbe operator may 
obtain currents from 5 c*dK, twice f», 
and so on to IT) times 5 cells. If con- 
siderable masses of metal are to be dealt 
with, currents of considerable strength 
are needed. These are obtained l»\ 
giouping the batteries or certain sets ot 
cells in parallel. Supposing the dynamo 
gives currents of 175 volts and V20 
amperes, that there is a battery «*f 70 
cells coupled in series, and that it is 
desired to solder two boiler plates ;* in. 
thick, 'flu* carbon ladder is connected 
with the positive terminals of tin 1 
toitietb rill-, of .‘1 groups. Tin* cajboii 
pencil is allowed to touch for a traction 
of a second, and is taken olf again nnmo- 
d lately, so that between the plates and 
the canon pencil an arc of a few milli- 
meties length is formed. The iron 
melts like wax; hut the action seems 
t — , :..crful, the molten „*j)yLi] hissing 
and evaporating distinctly. lit suclf'a 
ease one of the piralhd groups cut 
out.. S'. Mild the aition then he too 
sluggish, one or more parallel gioups is 
added. Sometimes the arc proves too 
small or extinguishes frequently; in 
such cases the number of cells in each 
gi oup has to be increased. 

The carbon holder (Fig. 147) resembles 
a pair of scissors, and consists of two 
copper bars having a lound hole near 
the end, in which the pencil is held 
firmly, either by the friction of the 
part s or by means of a little wedge as 
shown in th^figurc. The flexible cable 
passes through the wooden handle. 
I >uring working, the bolder becomes 
hot, and may have to be cooled bv 
plunging it into cold water. Tbe 
operator wears strong leather gloves, 
and his hand is further protected by a 
metal screen fixed on the holder. He 
looks at his work through a dark glass 
as in Fig. 148, which protects both his 
eves and face from the radiated light 
and heat, better than ordinary dark 
spectacles would do. The lungs also 
may need protection from the vapours 
of copper, lfcad, and other metals *or 


1 all «•}'*. When possible, means should 
( he provided to carry off such vapours 
i with a hi. ist of air. The coicdiiu 1 ion 
"I' the holder permits of a quit k l eplace- 
! meat of the caihoti pencil. The diani- 
' eters of these carbons v.ny greatly. 

, For more delicate work, where a lew 
| cells would suflice, fine pencils of only 
1 r \ in. are required ; while boiler plates, 
such as mentioned above, are welded 
together l»v means of thick carbon rods 
of up to 'J.\ in. diameter. The carbon 
is pointed before using it. Ordinary 
light-cui bons do not answer well, as 
they are generally too solt ; the in- 
ventor pi dels l "arid carbons, 
j One of the most important applica- 
tions of tiie new process is for welding 
I ,.lat... ot all tliii knessrs. For the \eiy 
! tinest, sheets ot 1 mm. and less, the 
j Eleet.ro-llephaest Company juefer a 
I moditication of the Llihu Thomson 
; juocess, although their own process is 
sometimes equally good (compare Figs. 
i ,%v ’ 470). liut all strung! i plutcs up 
to several centmieties thickness are 
snh jet ted to the arc. 

| To etleet this with ordinary plates, 
j the edges are feathered as in Fig. 1 10, 

J and picked together. The furrows are 
1 filled with little pieces of the same 
| in.iteii.il, and the arc is then applied 
j while fresh pieces are added until t lie 
: furrow' is completely filled with the 
molten mass. The plates are imnic- 
: diately afterward finished under the 
j hammer. In making iron welds, the 
small pieces for filling are always of 
wrought iron. With iron, a flux of 
clay sand is recoin mPMcd ; with copper, 
borax, or sal-ammoniac. When the 
I plates are joined on their hover surface, 
j Benardos suggests a powci fill electro- 
magnet, placed as indicated in Fig. K>0, 
to pro\ent the liquid metal (provided 
the material he para-magnetic) from 
flowing off; w bother this suggestion 
will prove practical \s doubtful. The 
a p par at us shown in Fig. 151 looks more 
practical ; it is intended to be employed 
when making vertical seams.® The 
pincers p carry two pieces of graphite 
or coke <7 forming a sort, of chamber 
at the spot where the fusion is to be 
F t 
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carried on. As soon as the mass has I 
hardened sufficiently, the carbon pieces | 
arc ]>ushed farther uj*. Carbon pieces j 
arc frequently employed to prevent the 
flowing nfi‘of4he fused material. Figs. ; 
152 101 exemplify other ways of join- : 
ing plates in cases where a poifectly 
straight surface is not insisted upon. 
For thinner ph. 'os, the method Fig. 101 
seems to offer particular advantages : 
for two -J in. plates a seam 1 yd. long 
can ho made in 7 minutes. When 
plates arc to he joined at an angle, the 
process is of course exceedingly simple. 

If two iron bars are to he joined end to 
end, the one har is roughly centered in 
a lathe, and the other pressed against 
it; the body of the lathe is connected 
with the negative pole. A few momen- 
tary touches with the cat linn will make 
the two bai.i stick together sufficiently 
so that they move as one piece with the 
lathe. While the lathe is turned slowly, 
the welding is effected by the addition 
of* material in small qiut.. a ’.ties at, • 
time. To join two telegraph w ire", the 
ends arc ,w 'nt (Fig. 102), a little iron 
ring is pushed over the hooks, and the 
whole is fused into a sort of button; 
the resulting joint leaves nothing to he 
desired as to conductivity and breaking 
strength, aud the whole operation can 
he accomplished with a few cells, and 
in 2 minutes for 4 mm. w ires. 

So far we have only spoken of joining 
materials of the same kind. But the 
intense heat of .the arc supplies alloys 
which are hardly known under other 
circumstances, so that iron and copper, 
tin, zinc, lea#, steel, cast iron and steel, 
wrought iron and steel, aluminium aud 
platinum, etc., can be united. This 
promises important progress in the 
working of metals. Prof. Buhlmnnn 
has exhibited specimens of iron plate 
W’elded to red copper, iron plated with 
tin, and iron plated with lead. In such 
cases there is probably at the junction 
of two metals a layer of alloy. Chemi- 
cal manufacturers would be thankful 
for cheap copper retoxts coated inside 
with platinum^ or iron vessels coated 
>vith lead. prof. Hu him ami saw at St. 
Petersburg a number of copper tutas 


soldered into a cast-iron plate, aiul this 
iron plate coated with copper several 
mm. thick. 

If the metals can be joined by the 
electric aic, they can also be separated 
by the same means. For instance, 
holes can be made if the metal is per- 
mitted to flow off. To pierce a hole 
1 in. diameter through two plates £ m. 
thick takes about 4 minutes. The next 
step is to livet the plates in tins way ; 
this is shown in Fig. 1 59, where they 
are 4 in. plates, the rivet J m. thick, 
and the opciatmn took 8 minutes. Jt 
seems, howewer, more advisable to 
pum h or drill the hides. 

Jt lias been said, above, that the 
materials undergo little chemical change 
under this ticatmcnt. The question 
set ms very important for iron, whose 
; behaviour is so lcmarkably influenced by 
! slight variations in the composition. 

! do test, this question, wrought iron 
: droppings from the welding process 
- «eic fused again by means of the arc 
to a bar of about 1«> mm. thickness, 

; and this bar turned down to 10 mm. 

The In caking w eight of this bar was 
! 20*8 tons per sq. in. with an elongation 
j of 17*5 per cent. The fracture W'as 
j fibrous, like that of soft, steel. This 
eleetiically fused iron (Fig. 175) re- 
j scmldcs soft steel in other respects, 
notwithstanding its origin ; it is mal- 
leable, can he welded, can he bent both 
hot anil cold, and is scarcely harder 
than soft stool. The follow' mg table 
gives analyses made by Yieuville. The 
columns B refer to % the original metal 
before electrical treatment ; the A 
columns show the composition of the 
metal after the treatment. The changes 
are slight, and appear rather favourable. 

The tensile strength tests of elect! i- 
callv made joints yielded most satis- 
factory rcsuits. Two pieces of rolled 
charcoal iron, joined as in Fig. 152, 
showed a breaking strength of 18 tons 
per sq. in., the iron itself giving 21 tons; 
the elongation was 9 per ce*t. In 
another instance, 93 per cent, of the 
initial tensile strength was observed. 
A plate riveted electrically rent finally 
outside the riveting fine. The, electrj* 
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0 
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0-58 

0*10 
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, o*110 

0*070 

Phosphorus . . 

| o*i,V 
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j 0*1 05 
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cal rivet, in" or the joining of plates 
without rivets, particularly as in Fig. 
152, seems to offer material advantages 
for some purposes. 

The remaining figures illustrate; 
speeimens exhibited by JTof. Kuhlmaim 
before the Electroteelinieal Society. 
Fig. 1011 is a cast iron plate, Fig.TThl.f** 
cast iron eccentric broken in pieces and 
joined again at a ; the junction is said 
to be quite homogeneous, and neither 
harder nor more brittle than the solid 
metal. This suggests the finishing of 
cast iron pieces bv means of the eld trie 
arc. Fig. 105 represents a p ; ece of a 
cask, Fig. 100 part of an iron boat. 
That even finer plates may he subjected 
to this process is demonstrated by Figs. 
107 and 108; but as already remarked, 
for very fine plates and wires the Elihu 
Thomson process appears preferable. 
Fig. 100 is a specimen of neat workman- 
ship, a little steam boiler, formed out 
of three pieces, shell, top, and bottom. 

A section through an electric, rivet, is 
illustrated in Fig. 171 ; Fig. 1713 shows 
how the so-called half rivet is made, 
and Fig. 17.'i how stronger bars are 
joined. In Fig. 174- a bar welded in this 
manner has been, bent cold under the 
hammer at right augles at the line of 
junction. The specimen Fig. 175 con- 
sists entirely of electrically fused iron 
which has already beei/ described ; it 
has been bent cold without showing 
any fissures or irregularities. The 
shaft Fig. 170 was formed by fusing 


together three pieces. The iion tube 
Fig. 177 was welded at a, and provided 
with a llangc at b , by the same process; 
the copper tube Fig. 178 is also a speci- 
men of electric welding. Fig. 179 is a 
turning tool of ordinary iron with a 
steel bit welded to it ^ ^ 

I* These. M^tances do not cpver flu* 
whole field where electric welding and 
soldering might advantage* :*«ly be ap- 
plied. Chains may be produced with 
welded links, tool* provided with steel i 
points and edges, cables joined, pair, 
made without rivets and plated, and 
many kinds of repairs, especially in cast, 
iron, become possible. The process will 
probably be studied with particular 
interest by the shipbuilder. The cost 
of such a welding plant would not be 
heavy. The dynamo and accumulators 
could weld and repair during the day 
and provide light in the evening. This 
would be one more reason for intro- 
ducing electrical power into the work- 
shop. ( Engineer m<] . ) 

Several patents have recently been 
granted to Klilm Thomson for impro\- 
ments in welding apparatus, one of 
which is illustrated in Fig. 180. R 
comprises two rotary electrodes Rif, 
one of which is suitably insulated from 
the supporting base, to which electrodes 
a current of large heating volume is led 
by means of th£ brushes C C\ Suitable 
mean*, as the screw S* indicated, are 
provided for throwing the rollers into 
closer, or more remote adjustment. The 
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two pieces of metal which are to he 
welded in a continuous line, are intio- 
diiceil between tlie electrodes and led 
gradually forward, the weld brim; pro- 
d need hy the heat developed in the 
strips, as they move between the rolls. 
These strips are indicated in the en- 
graving IJy making the rolls of 


developed is m pioportion to the re- 
sistance, danger of burning is incurred. 
Jn order to avoid Ibis the pieces to he 
welded when placed in the clamps and 
pressed into good contact, have the 
current admitted suddenly in a large 
amount, causing a rapid accumulation 
of heat at the joint, and when the 
welding temperature is nearly 



reached, t In* current is diminished 
by means of a core suddenly 
tin ust into a cell in tin* primary 
(imut. thus choking oil part of 
the piimaiy cun out and reducing 
tlie strength of cui rent m the 
welding circuit. 

Another invuitiou of Prof. 
Thomson’s consists in maintaining 
at the holding clamps, or at the 
point where the current enters 
tlie woik, an alternating current 
of fairly uniform potential, m> 
as to pjodme a gradual he.it mg 
of the work automatically tin ough 
a giadual increase of lesistame 
due to rise of temperature. The 
primary circuit is supplied with 
an alternating current of uni- 
form character as to potential, so 
that as the resistance at the 


Electric welding. joint tunes hy reason of the in- 

creasing heat, the strength of 


suitable section, various conformations 
may he given to the product of the 
welding operation, one design of the 
invention being to produce tubes or 
pipes having a continuously welded ' 
seam. In tlie detached view is shown ; 


current will he lowered and danger of 
overheating he oh\i.ited. 

W ire hisHiatui'! (-j ) — A new nu thod 
of insulating electin' wires has ie- 
centlv been adopted in fiermain. 
Pape" is first of all prepared by soak- 


a number of rollers K IP, for producing , 
a w T eld between two pieces of metal. | 
resulting in a trough having a V-shnpi 
in cross-section. 

Prof. Thomson has also patented a 
method of welding involving the idea 
of gradually or suddenly throwing on a 
current capable (,if continued) of heat- 
ing the pieces to he welded beyond the 
necessary temperature, and then, before 
such temperatuie is reached, dimin- 
ishing the current, with the effect of 
preventing overheating or too rapid 
heating. Income cases the resistance 
during the welding operation rapidly 
J‘ise% and* as the amount of ‘heat 


ing in an ammoniac nl solution of 
copper , a piocess^vhich confer:* upon 
the paper durability and nukes it im- 
pel "he pasty mass so 

prepared is now applied to the wuest 
be insulated, by means of a special 
machine, after which tnatment tin* 
coated wires are dried, and finally 
passed through a hath of boiling lin- 
seed oil. 

( 7 j) Having had occasion for a year 
to apply for the decoration of articles 
of jew el lorn, the proeodurof pointed 
out hy Nobili and lieequeiel for ob- 
taining coloration hy means of baths 
of alkaline piumbatea and ferrates, 1 
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observed that, the articles thus coloured j 
became absolutely proof against all 
galvanic action; that is, their surfaces, 
when once coated with peroxide of 
lead or of iron, were insulated, aud 
no longer conducted the electric cur- 
rent. A wire of copper, brass, or even 
iron, may thus be coated with an in- 
sulating layer like a stratum of resin 
or gutta-percha. This principle, I be- 
lieve, admits of easy utilisation in 
preparing wires and cables for use 
in telephony and telegraphy. The 
method of obtaining this insulating 
stratum is, from an industrial point of 
view, very practicable, and the cost 
trifling. The hardness of this coating, 
which resists ail atmospheric action, is 
a guarantee of its durability. The in- 
sulation is absolute. The method of 
preparation i.s very simple. A hath of 
plumhate of potash is prepared by dis- 
solving 10 parts litharge in 100> of. 
water, to which have been added 2<>i) 
of caustic potash, and boiled for about j 


ducing any action upon the objects to 
be coated. Such a wire, if placed in a 
circuit, and brought iu contact with 
another wire in connection with a 
galvanometer, leaves the latter entirely 
unaffected. (Wiedemann'; 

(/■) big. 181 shows a .simple insulating 
cleat made of 41 celhivert ” or “ karta- 
vort,** largely used in America for 
telegraph, telephone, electric light, and 
electric bell (inside) wiring, and meets 
its intended purpose admirably, as it is 
at once strong, light, and cheap. Un- 
like other cleats or staples, it cannot, 
readily be shattered by an ill-directed 
blow from a workman’s hammer while 
being fastened down with nails or 
tacks. These cleats are made for 
single or double wires, but it will be 
seen that by cutting a double cleat, 
across the centre it will answer for a 
single wire. 

Joinin ']. — The following directions for 
making joints in conductors for the arc 
and electric lights are reprod uced^/ia^u 
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Insulating cleat. 



J hour. It is allowed to settle, de- | 
canted, and is then ready for use. 
The wire to be coated with peroxide of i 
lead i» attached to the positive pole, 
and a small platifnun anode to the j 
negative. Finely-divided metallic lead 
is precipitated upon the negative pole, 
and the wiic is coated with peroxide of 
lead, which passes successively through 
all the colours of the spectrum. The 
insulation is complete when it takes a 
brownish-black colour. The wire thus 
covered is quite insensible to electric 
action. Articles perfectly cleaned may 
be attached to it, ami connected 
xvith the negative pole At a gilding, 
silvering, or nickeling bath without 
the current, however powerful, pro- 


Munro and Jamieson's 1 Klectriciau’s 
Pocket-book.* 

In preparing the ends of the prin- 
cipal conductors, remove the two ex- 
ternal tapes for a length o# r about 5m. 
from each end to he joined. Remove 
the rubber and the internal layer of 
tape for about 1 J in., and lay the wire 
ban* with emery-paper (Fig. 182). 
Solder together the wires that com- 
pose the cable for a length of about 
1 in., and bevel off the two extremities 
with a fine file. Bring the two be- 
velled ends together, and solder them 
in such a way as to obtain a conductor 
of uniform thickness. Wind a fine 
copper wire spirally around the joint, 
and solder the whole together as shown 
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in Fig. 1 815, and always use rosin in- Those instructions apply to the 
stead of acid as a flux. 1 principal conductors. In branch lines 

Afterward, to apply the insulating for incandescent lighting, the extre- 
material, take a very sharp knife and : unties are prepared hv removing the 
work the rubber to a point tor a length braid, tape, and rubber for a length of 
of j in. irornfthe conductor, and cover about 4 in. at e a< h end, and unwinding 
the metallic joint with a layci of pre- the cotton covering of the conductor 
pared cotton tajic J in. wide (Fig. 184). , tor about 1 J in. The extremities of the 



m. 




185. 




Jumna' wirci 


Over the tape wind spirally a band 
of pure rubber J in. wide (stretching it 
well in doing so), and cover the joint 
with a series of wrappings running 
alternately to the right and left, until 
it. gets to he as thick as the rubber 
covering of the wire, or a little thicker. 
TIum stage is shown in Fig. 185. After 
this, it is necessary to apply a small 
quantity of a solution of rubber to each 
layer, and*allo\v Ihe alcohol sufficient 
time to evaporate bn tore putting on 
another layer. 

This e fleets a union of the different 
layers of rubber. The external cover- 


ing of the conductor is composed of tw 
layers of prepared tape, J in. wide, ap- 
plied in opposite directions, with a 
strong gum lag varnish between them, 
and above these, again, a layer of im- 
permeable tape, with,, a coat of var- 
jnsh over all (Fig. 186). Cure must be 
taken . to keep the hands, tools, and 
materials clean and dry, , 


wiic are then cleaned with emery' 
paper and beveled off with a fine file, 
as shown in Fig. 187. The two beveled 
edges are then brought together and 
soldered, while a thin copper wire is 
wound around as before (Fig. 188). The 
metallic joint h then covered with the 
thin lav cr of cotton that lias previously 
been unwound from the extremities 
(Fig. 18‘.t). « 

Over this cotton covcimg there is 
wound spirally, and in a contrary 
direction, a ribbon of pure rubber, J in. 
wide (care being taken to stretch it as 
before), until an insulation of the de- 
sired thickness is obtained (Fig. 190). 

'■ In this case also a solution of rubber is 
applied to each layefr in order to make 
the whole solid. 

Finally, two layers of felt tape, 5 in. 
wide, are applied in an opposilb direc- 
tion, with an intermediate layer of 
strong gum lac, and, over all, a coat of 
varnish (Fig. 191). 
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In T-shaped joints of branch wires removed from the end of the w ire that 
for incandescent lighting the ends arc is to be joined to the principal conduc- 
prepared by removing from the prin- tor. The two layers of rubber and 
cipal conductor 5 in. of the twoexter- the cotton are afterwards drawn back 



Joining wires. 


nal layers of tape. After this the rubber for 3 in. and the rubber is removed — 
covering and internal tape are removed the cotton being left foo* covering the 
from the wire for a length of 1 J in.; G in. metallic joint. The wires, that eoin- 
of the external covering and tape are posi the conductor should be sollered 
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together, au<l the solid wire wound 2 
or 3 times around the principal con- 
ductor and afterward 3 or 4 times upon 
itself. 

Then the gliole is soldered together 
(Fig, 192), Each end of the principal 
conductor must he worked to a point 
with a very sharp knife fur 1J in., and 
the solid wir be covered witii cotton 
up to its junction with the principal 
• conductor and all around. The me- 
tallic. joint must be covered with a 
wrapping of cotton tape covered witii j 
rubber (Fig. 193). 

A well stretched hand of pun* 
rubber, “ in. wide, is applied spirally, 
the winding being begun at the rubber 
covering oft.hu solid wire, running to 
and around the joint, and as far as the 
rubber covering at each end of the 
principal conductor — t litis forming a 
series of layers in opposite directions, 
until the desired thickness is reached 

(Fig. 194). f 

As ju the preceding »: 's, it is also 
licicssarv here to apply the solution of 
rubber between the layers. Exter- 
nally, the wire is protected by two 
layers of prepared tape (;> in. wide), 
wound around in an opposite direction 
with an intermediate coating of a concen- 
trated varnish of gum lac, then above 
this an envelope of impermeable tape, 
and finally a coat of varnish (Fig. 11‘A). 
All these operations must he performed 
with the greatest, neatness and with 
dry Inputs. 

Metal Wobk. 

• 

Bronzes, (a) — Before a work of art 
can he cast in bronze, it must be in 
existence in some other material, and it 
may not he altogether superfluous to 
describe briefly the various stages an 
article must pass before it can he intro- 
duced to the world as a bronze. The 
sculptor usually embodies his first idea 
m a sketch, m?t, however, in most cases 
on paper, but in wax or clay. A 
sculptor’s sketch is mm ply a statuette, 
very rough If modelled, and usually 
not more than A or G in. high. Works 
of ibis size do not require any int&rnal 


framing for their support., and there- 
fore lend themselves readily to any 
changes of design, even of the most 
radical description. 

The attitude of the figure, the prin- 
ciple, masses of drapery, and, in short, 
the general arrangement of the com- 
position having been decided on, the 
next step is the construction of a full- 
sized framing of iron, without which 
the statue in plastic day or wax could 
not. stand, but would yield to its own 
weight, and sink a shapeless lump to 
the floor. With the assistance of the 
iron framing, or skeleton, running 
through ex cry part, it can be preserved 
for a suflit lent time — often for several 
years — to permit the artist to biing it 
to that perfection of which he is 
capable. But exon then it, i.s not to be 
regarded as a complete work *, l'ov the 
plastic material, xvhatexer it may he, 
is certain to be destroyed by its very 
plasticity. Thoidbre, that it may he 
pre.lbrvcd, it must undergo a trans- 
formation which will render it hard 
and durable, if the statue has been 
modelled in a eeitaiu manner, and wit li 
| specially prepared clay, the action of 
flic xvill produce t his icsult, and then 
xx e call it terra-cotta. The only other 
method of preserving the model is to 
cast it. By this means, although the 
plastic model is destroyed, a facsimile 
is produced in another and more durable 
material. 

Casting involves 5 processes: — 

1. The construction of the hollow 
mould. 

2. The preparation of the fluid ma- 
terial. 

The casting or pouring into tin* 
mould. 

4. The solidification in the mould. 

A. The liberation of the cast from 
the mould. 

A mould i.s nu^le over a piece ol 
sculpture by the application of some 
soft material which has the property ot 
rapidly becoming hard. By this, means 
a concave impression is obtained, from 
which again, by a similar process, a 
convex facsimile of the original model 
may be produced. There are many 
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kinds of moulds used by artists. The 
sculptor roughly divides all moulds 
into simple and piece moulds. A 
simple mould is made all in one, with- 
out any Iooms parts, like a seal, or a 
pastrycook's jelly mould. A piece 
mould, on the contrary, is made of two 
or more parts, according to the require- 
ments of the work. Moulds are also 
called “open” or “closed/* An open 
mould is one of which one side only 


Moulds are made of very various 
materials, according to the objects for 
which they are constructed. Plaster is 
the most common, but wax and gela- 
tine are also much use^ by artists. 
For bronze founding, the foregoing 
materials are unavailable. The sculp- 
tor who would cast in bronze must 
use a material that will resist the in- 
tense heat, of the liquid metal. Moulds 
for metal casting are made of sand and 


10C. 107. 



receives an impression. Simple moulds 
are, for instance, usually open moulds, 
so also are piece moulds of bas-reliefs 
or other flat objects. A close mould is 
almost always a pi£oe mould, it may 
or may not be a safe mould. A safe 
mould is made up of many separate 
parts, so constructed as to be easily 
withdrawn from each other. These 
moulds can he used many times over 
without injury cither to themselves or 
to the cast — hence their name “ safe.** 
A waste mould is made of one or of 
many pieces, but it can be used only 
once ; it is destroyed or w r asted in the 
process df casting. SometDpen moulds 
are shown in Fig. 197 : A, the cast ; B, 
the cope or case of mould 5 C, the loose 
pieces of mould, 


loam, of lut( or potic, or, for small 
works, of oornpo. 

Supposing an artist has completed a 
statue, and, having already cast it in 
plaster, wishes to re prod 4 ec it in 
bronze. If this work is of large dimen- 
sions, it is very unlikely that be W'ill 
have suitable premises for the purpose, 
for although small works can be cast 
almost anywhere, no casting on a large 
scale can be reasonably undertaken un- 
less a suitable foundry is available. Such 
a foundry should consist of a largo and 
lofty room about 40 ft. long by 24 ft. 
wide, the larger indeed the better. A 
row of small furnaces should be built 
along the wall at one end, and at the 
other end should be situated tho rever- 
berator y furnace for large work, whilst 
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:t very largo portion of tho floor should 
l*o occupied by the “ pit.” The small 
furnaces before mentioned arc draft 
furnaces of the ordinary type, and arc 
made to take crucibles up to about j 
»‘ ( 1 ) lb. capacity. R\ poming the con- i 
tents of several crucibles together, east- 
ing'* of considerable size can be made, 
even with these small furnaces. Larger 
quantities than can be conveniently 
melted in the small furnaces must lie 
t. leafed in tin* reverberator, which is 
occasionally made of very great capac it y. 

The “pit” is used to bury the 
moulds pre\ iously to casting. This is 
with a twofold object ; partly th.it \ 
the pressure of the eaith outside the ; 
mould may enable it to resist the pres- j 
sure of the metal from within; and also 
in order that the openings through 
which the metal is poured may be 
placed at a com euient level, which 
would not be the case if large moulds 
rested on the fluof* id the foundry. 

Resides the large and s\nall furnaces 
and thf. pit, the artist would nUn 10 - 
quire at least, .me ld.u k -millis’ forge 
an*l ;v powerful crane, not to mention 
drying ttoves and pugging mills, and 
store-rooms for various purposes. It is 
extremely unlikely t lint the artist will 
bo in possession of such premises and 
plant. It. follows then that. h»* lim'd, 
as a rule, consign his larger woiks to 
one of the commercial foundries for 
execution. Nor is there any very great 
hardship in this. It is in such cases 
only rel^bdte t*liat the great lines and 
masses should he faithfullv reproduced. 
Any delicacy of touch that might be 
put. into such a wnik would be useless, 
because it could not be seen, and, there- 
fore, would not lie missed in the casting. 
It occasionally does happen, however, 
that such premises are at the artist’s 
disposal, and in this case, the best work 
is certainly expected of him. 

There are two principles whereby 
artistic brands may be produced. 
The one is that known as “ piece 
moulding,” and is identically the same 
as that empjpyed in making castings 
for machinery, &c. Continental ar- 
tists # and ‘founders call it motclage 


a la Frangaisc , it having been brought 
to great perfection in France, where, 
indeed, it it> supposed to have had its 
origin. The other process is that 
known as “Ora JVrdula,” or w.vde 
wax process. It is the more ancient of 
t lie two, and has hern praitiscd from 
time immemorial bv the artists and 
artizun* of Italy, lloth methods ha\e 
been, and are, successfully employed for 
the pioduction of wuiks of the greatest 
Size. 

There are reasons why an artist 
should sometimes prefer one method 
and sometimes another. When a piece 
of sculpture is to lie produced on a very 
huge scale, it is muni for the artist to 
make not only a caieful sketch, but 
also a model, usually about life size; 
and oil this model lie will bestow all 
his skill and art. ; taking into account 
the distant e at which the cubical work 
will ha\e to lio viewed, its height 
above the lewd of the spectator, the 
i Hit* of the atmospheie in diminishing 
its appai cut hulk, and in distorting its 
lines, the influence of any siiriounding 
ohjri ts, and more e^peuulh the vnning 
elicits of light and shade. When this 
model has been carefully completed, 
the work is then reproduced in ail its 
details <*n t lie largo scale. One pair of 
bands will not Millicu for the produc- 
tion of so large a work, and several 
assistants aie usually employed, under 
the su pi r vision and control of the 
master, who, working with them, is 
thus able to produce what is practically 
an e\.ut enlargement of his smaller 
model. * 

Woiks on a colossal scale cannot be 
produced by the o\e, alone, but must be 
the result of scientific procedure. The 
forms are so large that the workman 
cannot see the ollect of what he is 
doing. If Jie has to descend from a 
sea Hold 10-1*2 ft. limb, and go perhaps 
, r »0 -00 ft. off, before *ie can get a com- 
prehensive view, it is not likely that he 
will be able to correct any error which 
his eye may* have discovered •because 
by the time 'lie has again ascended the 
scaffold he can no longer recognise the 
exact spot that required alteration. 
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In tlie.se large works, anything like 
iiuli vitl usility of touch is ;it :i discount, 
surface modelling is practically useless, 
and artistic effect is alone realised by 
tlu* rh\ thin of line, the harmony of pro- 
portion, by the skill'ul arrangement of 
masses of shadow, and hy the true rela- 
tion of each plane to the rest of the 
work. If this is aehie\ed, the result 
will he an artistic success, not to he | 
enhanced hy any amount of delicate 1 
manipulation, which would he entirely \ 
lost at the distance required for a coin- j 
prehensivu view of tin* woik. It is, j 
therefore, wise in the artist to select 
that method of casting which, while it 
faithfully reproduces these e-s-ntial 
qualities, a (Voids the least chance of mis- 
hap, and the greater Utility for reliev- 
ing disisfer. 

The artist who enters on tin* produc- 
tion of a very colossal work is in the 
position of a general opening a cam- 
paign. lie forms his plan and lays 
down broadly the line, on wliiei lie 
intends to proceed : hut he cannot fore- 
see all the chances of war, nor the 
varying incidents which may oblige him 
to modify his plans if he would attain 
the reward of his hi hours. 

Thus it is clear that for such works 
there is no system of founding so good 
as that which gives most scope to the 
founder, even if it. were at the saciifice 
of a very small degree of sharpness in 
the castings. 

With regard to small works, however, 
the case is very different, and exactly 
in proportion as these are small does 
the importance of delicate touch and 
surface modelling increase ; not that, the 
other qualities are diminished in value, 
for they are ju^t as important as ever ; 
but merely from the fact that the eye of 
the spectator is able to take in on the 
small scale that which it was unable to 
appreciate on the large. Many persons 
who are unaccustoi'ned to look at sculp- 
ture intelligently, and who think that 
art means pictures alone, would be 
surprise** to learn that tjjere was any 
difference between the touch of one 
sculptor and the handling of another. 
For such persons a work is finished in 


proportion as its surface presents a 
polished uniformity. This idea is fos- 
tered hy the miserable cabinet bronzes 
which are turned out wholesale by cer- 
tain manufacturers, and are termed 
‘‘art bronzes.” These ar(* often copies 
of fine originals, but most of their value 
is lost from the fact that they are cast 
m many pieces, which are then joined 
together, tiled, and chased up in a happy- 
go-lucky commercial style by a not 
o\cr skilful artisan, 'flius every trace 
of the original hand is obliterated, all 
that remains is the design, and even 
with that liberties are often taken. 
The turn of a head, the movement of an 
arm, are often varied according to the 
con\euionce or igmuance of the titter. 

The object of casting statues in bronze 
by piece moulding is to diminish the 
risk by f militating the process. It is 
obviously easier to cast a part than the 
whole of a statue. This is the principle 
which underlies coniVnercial castings. 
A» an example take a figure representing 
I >1 vine Wisdom, standing on a tortoise 
surrounded by waves, and supported hy 
a branch of coral. The first operation 
of the founder is to cut off the head and 
arms of the planter model, and the coral 
branch at its side. These are carefully 
replaced, being lilted with what aro 
know'll as Homan or box joints, which, 
if properly made, ensure in the most 
effectual manner that the \arious parts 
shall not he misplaced. 

The plaster model thus becomes a 
compound of five separate pa*'*, fitted 
accurately one to the other. This 
makes the work of the founder much 
more easy and rapid. To mould and 
cast the head, the arms, and coral 
branch, each hy itself, is so simple an 
operation that almost any lad in the 
foundry could be entrusted with it ; but 
to cast the statue all in one piece would 
entail some rather complicated piece 
moulding. When denuded of its head, 
arms, and coral branch, the trunk is 
also a comparatively simple object to 
mould, though there is in the .folds of 
the drapery a great deal of piece mould- 
ing which requires care and skill. The 
process briefly is as follows The Jruuk 
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of the figure is laid in an iron box or 
ihisk of suitable size, and loosely parked 
in w itii the loam used by bronze 
founders. The figure being only about 
half imbedded in this Win, the sari, ire 
<>t which i 1 ^ carefully pressed and 
smoothed all around the model, tin* 
latter presents somewhat the appearance 
of a bas-rrlirf The loam back-ground 
i-; then lightly and evenly powdered \ 
hvit with pal ting-dust, lycopodium 
’being much used for tins purpose on the 
Continent. The object of this is to 
prevent, one poition of the mould from 
a Ihering to another. 

The moulder then proceed*, to work 
on the prqjei ting portions <>l tin* m«'drl, 
making separate pieces s<» that they cut 
be withdrawn and ri placed at will. 
When he has made as many pines as 
his judgment tells him are lcqui-ite, 
he places another iron bo\ or flask upon 
the lirst,a»d having applied the parting 
<1 ust. to the workf lie make-* of the same 
loam t he cope or c ase wliuli is to retain 
all the*piecos of the mould m position, 
and which is itsell held together by 
the flask, which is merely an open iron 
fiame. The two flasks are then turned 
over, and the first ilask, with its loosely 
packed loam Inning been lemoved, tbe j 
freshly exposed side is moulded in ' 
tlie same manner as the former, and 
the cope or ease is formed as before. 
The two flasks can now* he separated, 
and the pieces of the mould removed one 
by one from the figure, and accurately 
rejdac^yn the mould. This gives a 
correct imprint of the planter model. 
Jf the metj^were cast into this it. would j 
be quite solid, tnerelbre it. must be 
cored. The core is made by tilling the 
cavity of the mould with the same loam, 
so that the figure is again reproduced. 
t -As, however, this loam figure occupied 
she entire < ai*itv of the mould, it. mo-1 
be pared down, so that an empty spare 
may remain between its surface and 
tlie interior of 9 the mould. This space 
is that which will bo occupied by the 
metal. . 

Of course sjich a core has to be sup- 
ported by an internal iron framework, 
the ^ids of which, projecting through 


the openings of tlie neck, the arms, and 
at the base, serve to keep it in position ; 
without, this it would of course fall to 
one or other side, and thus prevent the 
flow of the metal. 

Openings must be provided in the 
mould for the admission of the metal, 
and for the escape of the air; but the 
vents tor the air need not be so care- 
fully arranged in casting on tins system 
as in casting by waste wax, because the 
bum is \ ei y porous, ami the joints in 
; the mould facilitate the escape of the 
ga-os. i»y this proeess the risk in 
| easting a statue is reduced to a mini- 
; mum 5 no small advantage w here colos- 
i ".il woik is concerned. Nevertheless, 

. when t lie hi oii/e is cleaned from the 
| loam, it will be found to be covered 
, with lines lr.iiii the joints of the mould; 
j it. is also not unlikely to he covered 
' with a sort of haid skin, composed of 
paiticles ot sand whuh have 1 m eu vitri- 
lud bv tlie iliten e heat. This skill and 
the*# lines have to be removed, and the 
v.uious paits of the figures must he 
joined toecthci. it is very frequently 
found necessary to go over tlie ciitnc 
iigme with the fib* and chasing tool, to 
bung tlie wmk to one tone, and in that 
ease it is not po^sille for the statue to 
retain any claim to he considered an 
autograph woik. There can remain on 
it no touch of the oiigmal artist, ami 
the fact of his signing it, and even 
numbering and dating it, will not sa\e 
it, from being merely a more or less 
excellent copy, and not an original. 

nurse, if a sculptor chose to do 
the chasing and liking himself lie could 
do so, but. think of the waste of time, 
not to mention the fact that even then 
th»* woik would probably lose something 
of its original freshness and spirit. 

This system of piece moulding foi 
bronze is admirable for commercial 
purposes, and for colossal work it is all 
that can be desireef, but otherwise its 
value is small, ami a statue executed by 
flits method cannot be esteemed by 
anyone who^ understands sculpture at 
more than a fraction of the price of the 
same statue if cast by the waste- wax 
process. 
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This waste^wax process, so iiniinpor- 
taut commercially, is all-important 
artistically, it is by this method alone 
that a sculptor can pioduce oi initial 
bronzes in Ins own studio, without the 
drawbacks incidental to t lie former 
process of piece moulding. 

Unuglily speaking, this process is as 
follows : —The sculptor makes, of plas- 
tic wax, an e\act model of the work 
which lie desires to cast in hronze. 
This nuclei must be hollow, the thick- 
ness of the wax being exactly tli it in- 
tended for tdie bronze. This wax nuclei 
is moulded, both inside an 1 outside. 
The mould must he all m one piece, and 
without seams. The wax, therefore, can- 
not be withdrawn without destruction 
cither to itself or to the mould. Hut 
as t lie mould must be prosen cd till 
after the bronze is cast, the wax is 
withdrawn by melting it out. The 
bronze is then poured into the cavity. 

Of course, this is not so simple as it 
sounds, and yet there is nothing fa it 
that may not be successfully earned out 
by an artist in his own studio with 
small works, that is to say, under life- 
size. 

The first thing that, claims attention 
is the wax. This must bo made harder 
for summer weather, and softer for 
winter use, unless, indeed, the artist is 
careful to keep his, studio alwavs atone 
temperature. 'Hus seems a small 
matter, blit, nevertheless, it. is of great 
importance, and much of one’s comfort 
in working depends on it. 

There are many different wax compo- 
sitions, almost everv huinder having his 
favourite mixture. The chief ingredients, 
however, are beeswax and Venice turpen- 
tine. Some artists make u.sc of tio other 
ingredients and use no colouring matter. 
Most men, however, use in addition to 
the above, rosin, lard, tallow, and pitch 
in varying quantities. Excellent wax 
can be made either with or without 
these latter. Yellow wax is not easy 
to model in ; it i.; therefore the general 
practice Vo stain it, in onhr to get rid 
of some of its transparency. In Italy, 
it is almost always coloured a brilliant 
red, with sulphide of mercury, which is 


entirely evaporated when the wax is 
melted out, and leaves no residue in the 
moulds. Almost any pul'e vegetable 
colour will du, or, indeed, any colour 
that will burn without leaving a resi- 
due; this i-, easily tested bv placing a 
lump of the wax m a small white clay 
crucible, closing the top with a cover, 
to prevent any dirt trotting in, and then 
burning away the wax. When the wax 
appears to have been consumed, gradu- 
ally raise the temperature to a cherry* 
ivd beat, and then let it cool dmvn. Jf, 
when the crucible is quite cool, you find 
it also quite clean, without, any residue, 
you may be sure that ymir wax is good, 
and that the pigment used is perfectly 
safe. 

fluxing prepared the wax, and sat talk'd 
himself that it is of the light quality, 
the artist proceeds to construct his 
model. He could make this at once in 
wax, and then cast it, but in e\ent of a 
failure his work would he lost. As 
this is undesirable, he usually proceeds 
exactly as if the work were to Lie sent 
to a foundry, and having prepared his 
plaster model, lie. cuts it in pieces aiul 
moulds it in plaster, making safe moulds 
of each part. From these moulds the 
hollow wax models are produced. Of 
course, it is far better for the artist 
himself to re-touch these than that they 
should be so treated by any other 
person. 

There are various ways of producing 
these wax models. Some artists cast 
them by pouring the melted -c-.Ux into 
the mould, in which a core has been 
previously placed ; others life out the 
mould by squeezing into it sheets of wax 
that have been prepared so that they 
easily take the required impress. Others, 
again, brush the liquid wax into tlffr 
various parts of the mould, and having 
thus satisfied themselves that the sur^ 
face is everywhere covered with a thill 
layer, they put the mould together, and 
fill it with melted wax, which, after a 
few seconds, is emptied out, leaving, 
however, an equal layer adhering to the 
former coat. This operation may be 
repeated as often as desirable; each 
time* increases the thickness of the tyax f 



METAL WOUlv. 


A nd consequently of the bronze. Making 
the wax casts sounds asimple matter, and 
vet it- is ul1110.1L the most difficult tiling 
connected with the xv a.-d.e wax ]iroo>s. 

In Italy, xxhrro tills system is much 
practised, nearly every furuwtvrc can 
get. out good casts, hut hcie it is * 1 1 f - 
ten'll!, and the sculptor will ]>nd»ald\ 
luxe to train In moulder. It m merely 
hn.iek and pi ait ire, and anv intelligent 
jimiilder w ill soon get inti* the wayot it. 

Extreme sharpin' s of impression is 
ii"t so very important, though that of 
( oiiise counts loi something; hut il n 
geneV.illy pr« fer.ible to woik tin* waxes 
entirely oxer, and iiistiud ni imrclv ie- 
fouchiii 1 /, to fini'h the woikiu the wax. 
It is the inside ol the wax i a.st tiiat is 
xery impoitant, bnawse it should h.ixe 
a pioper t liu kness of wax inexerx part, 
no nioie and no les«. It. is sale, liow- 
ever, to have latlur too heaxv than too 
light a cast, as thuft* is no xitreous skin 
Wined h\ a thh 1 . casting, as js usually 
the ease when the piece mould system 

is cinplft>cd. 

The xenons parts which compose the 
figure having been prepared in wax, it 
n the part of the art i-t to join them 
together, and finish the work in wav 
evnrtlv ns lie wishes that it should 
appear in bronze. The wax, being 
hollow, must be moulded or cored on 
the inside. 

If the wotk is a very small one, say 
IS ill. high, x on may finish the wax 
first, ami then juit, a few wires through 
it. at variS^i jiomts, which serve to keep 
the cove in place; you can then pour 
the liquid jyire into the wav model, 
wliich will ho stiong enough to icsist 
the pressure during the fexv moments 
required for tlie material t o solidify. 

If, however, the work is much larger, 
the wax will not have strength to sup- 
port, its own weight, much less the 
internal pressure of the core. In such a 
case, it is requisite that the core be cast 
betore reinoving«thu wax model from its 
would. The plaster safe mould must 
in this cane be so constructed that it can 
ie reive and h^ld in place the irons 
which support the core and retain it in 
position. For this purpose, holes must 


| he made through the walls of the safe 
I mould to permit the irons to project, 
j They must, afterwards be held by the 
1 x\ alls of the w«a»tc mould in which the 
j bronze L to be < a 4 . 

The sate mould then, being lined to a 
l proper thukwss with wax, and having 
' tin* (ore irons in position, is tilled up 
i with the liquid composition used for 
j ceiling. The usual mixture is plaster 
j .uni brn kdusl ; some use other ingie- 
dn lit'', -• indeed oxer ‘J do/en have all 
, been ii'-ed for this purpose. The pm- 
I portions an x ei y v. moii some recom- 
j mending ■ brickdust ami ~ plaster — and 
j others j biickdust, to ,] plaster. r J he 
, tinth is that tlwse material* vary so 
1 mm h in tin ir character that those pro- 
| portions x\ hii h are quite satisfactory in 
| "tie locality are worthless in another, 
i It is host to u L e as little planter as will 
Millin' to biml the materiils together. 

The core, being simoimded bv liquid 
! bvon/e, is under conditions exactly op- 
posite* to those of the mould which 
, contain* the metal. The at turn of the 
| metal is excited, to compress the core 
and to burst the mould. Moreover, its 
greatest bin sting power is exerted 
w hilst jt is m a state of perfect, fluidity ; 
on setting, it contracts, relieving the 
pressure on the mould, and powerfully 
completing the core, if the core i* 
ton haid and unyielding, it is certain 
to crack the bronze. It should bo what 
is technically called “ pully,” that is to 
say, somewhat easily compressible ; on 
the other hand, unless it has some 
xentilation to the outer air, it should 
not be too porous, # or it will generate 
gas too rapidly by contact with the hot 
metal. In cores of considerable size it 
is always safest. — indeed, necessary— to 
provide some means of escape lbr these 
gases by venting the core. 

When such a vent or “lantern” is 
used, the core can be made more spongy, 
and consequently more readily yielding 
to the compression of the cooling metal. 
It is, however, a fact that, while modern 
practice amply justifies the tfce of a 
core- vent or lantern, the largest works 
cast by this method of W'hieh we have 
any historical record were all success- 
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fully cast without any such precaution, 
nor is there any mention of such a 
practice before the latter half of the 
present century. 

The wax model with the core inside 
can he kept for an indefinite time, and 
thus the artist lias ample opportunity 
to work on the wax, and bring it to as 
high a degree of perfection as his talents 
will permit. When, however, he desires 
to cast it, liis first care must be the 
arrangement of the jets and vents. The 
jets are tubes destined to distribute the 
metal throughout, the cavity of the 
mould, and the vents are other tubes 
which afford an exit to the air vdently 
expanded and displaced by the molten 
bronze. The jets are comparatively 
unimportant, for t lie bronze, following 
the laws of lluids, will certainly till 
every part of the mould, provided the 
air oilers no obstacle to its progress. 

It is, therefore, usual to have more 
vents than jets, and they should be so 
placed that wherever there is a Ifell or 

pocket formed by the configuration of j 
the mould in which the air might be i 
imprisoned, there must also l»e a vent 
provided for its escape. It. may seem ! 
strange, but. greater attention i.s needed 
in this respect in small than in larger 
works, because in a large work the 
metal does not set so rapidly, and thus 
gives time for the air to escape into the 
pores of the mould, whilst the pressure 
to do so is much greater. In any case 
the labour of placing these jets and 
vents is but small, and as their import- 
ance is paramount, the best advice 
always will be “ When in doubt put a 
vent — put a dozen rather than run even 
a small risk.** 

Piece-moulding in loam does not 
require the same attention in this par- 
ticular, as the joints in the mould act 
as a complete network of vents. This 
seems a very groqt advantage over the 
wax process, and so it would bo were it 
not that the method of placing these 
jets and vents is so easy and simple that 
it invoWes but little bkil^, and is easily 
done by an assistant. The artist need 
not lose his time over it, beyond defining 
their positions and relative sizes. 


The jets and vents, being merely a 
system of tubes leading from the outside 
of the mould to its inner cavity, become 
of conr»e filled with metal, which remains 
as solid rods attached at one end, while 
the other end is free ii{ the air. All 
that is therefore needed is to make rods 
of wax of the required size, and attach- 
ing them by one end in their proper 
position on the surface of the work, 
bend them into the required curves, 
As, however, it would he inconvenient 
to pour through more than one jet, it 

usual to joint hem together in groups, 
an 1 to bring these again together to 
one main jet., which leads directly from 
the basin, or ,! ..nw,” into which the 
bronze n ponied liy.Uiis means, the 
bronze How* from the main jet. through 
all the subsidiary ones to the different 
parts of the mould. 

The vents are treated in exactly the 
same manner, except, that they do not 
usually end in one 'main duct but in 
several, as may be most convenient, nor 
do they lise to the basin, but home to 
the open air at the top of the mould, 
outside of the space occupied by the 
pouring basin. 

Besides the jets and vents there are 
other rods of wax which are called 
drains or spouts ; those are placed on 
the lowest portion of the work, and lead 
through the thickness of the mould, but 
slanting a little downwards to the open 
air. Their object is to drain away the 
wav where it is melted out, after which 
they have to be securely stymie red np. 
In very small works drains are entirely 
omitted, and the mould is lively turned 
upside down to allow the wax to run 
out. 

There are two principles of pouring 
bronze, each of which has its advocates. 
The one is the descending and the other 
the ascending principle. In the former 
the bronze is cast directly into the 
cavity from above, as shown on Fig. 198, 
w r hich h not designed to> represent any 
particular work, but merely to illustrate 
a principle. By this method, the 
bronze enters through ,aU the various 
jets, and gradually fills the mould until it 
readies the top. In the second or 9 #iceiid- 
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ing principle, as shown oil Fig. 109, the molten metal, causing the latter to 
the jets are taken right down to the boil and work, and 1 hereby endangering 
hot tom of the mould before they are tin* delicate and fiail inner sm fact* of the 
allowed to enter its cav it v. The melal mould. Moreov er, the stream- ol metal, 
of eourse rises to its own level, thus till- having united at the bottom, must rise 
ing the mouhflfrom the bottom. and puss again over the surface of the 


iys. 



^Xj^eseending process. Ascending proems. 


The disadvantages of the detrending mould bclbie it can^he coni]»]etel y tilled, 
or direct method are these. When tlie In the aset tiding principle, the streams 
bronze is east, it. flows directly into the of metal pa^s harmlessly to their lowest 
buuiU in numerous streams, which level before entering the cavity of the 
tiickle over the core and over the sur- mould, thus its surface cannot be injured 
face of the mould, making a great by the downward rush, and the air is 
amount of atmospherics disturbance in not brought in contact with the metal 
the cavity. These streams unite at the until it begins to rise iu the mould. No 
bottom, and then the mould begins to paiticle of air can become entrapped, for 
fill after the air contained iu it lias been it is all above the surface of the rising 
heated and expanded to the utmost; bronze, with a free exit through all tho 
Hay, it is •more than probable that por- vents above, though which it i# forced 
ti<»ns of air cagght between two metal by the pressure of the rising bronze, and 
streams may be dragged along and forced by its own enormous expansion, which, 
to escjy>e by Vubbling upwards through however, cannot he so, great or so sudden 
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as when the metal enters from above. 
Therefore, always east on the ascending 
principle. 

The jt*ts and vents having Imvh ar- 
ranged wit.li <lui» eoiisMer.il ion, it be* 
comes necessary to think of the mould, 
and to eon.sidor the qualities to be sought 
for in a mould for bnuue easting. In 
the first place, the material used must 
he one that is easy of application, and 
of a nature to lesist the intense heat to 
which it must of necessity In* subjected. 
It must also not be antagonistic to the 
metal, u inch would utherwi.se he -quilted 
violently from the jets and vents, besides 
which it would certainly yield u blunt 
and bad impression. There are many 
recipes for such moulds extant ; almost 
everyone who practises this art. has his 
favourite mixture, cvnccniing which 
much secrecy is observed. There is, 
however, no great secret about this 
matter. Many of these moulds, es- 
pecially those of large size, which, of 
course, have to cuduve the mod? heat, 
are made of into, or ;>oVv, as it is in- 
differently called. This is nothing more 
than a mixture of which the basis is 
fine Joam. The loam mav be natural 
or artificial ; the whole secret consists 
in purifying it sufficiently, and in grind- 
ing it very fine before use. The mate- 
rials mixed with it are fire-clay (burnt 
and ground to an impalpable powder), 
emery, rotten-stone, haninmrseale, &e , 
&c., the only object being to obtain a 
Aery fine and tire-resisting powder. 
Old crucibles powdered up are highly 
recommended by no less an authority 
Ilian (Vllini. SomV material lias also 
to be used that will bind this powder 
together. The celebrated founder, Jean 
Balthazar Keller, used white of egg and 


| time to lnakc, but the operation was not 
one that required great skill on the 
part of the workmen employed. 

This is the method of construction: — 
A sufficient quantity c»f the material 
haying been prepared of the requisite 
degree of purity and firmness, a small 
quantity of it is placed ill a mortar, 
and ground up until it becomes of the 
smoothness and consistency of oil paint. 
Armed with a soft bristle brush, aiijl 
with a pot of this paint, the assistant 
proceeds to gi\e the work one complete 
coat — an even, thin coat, just as if lie 
wished to colour it. This is abiowed 
time to dry, when, i 1 * it lias been laid 
on thinly and evenly, it will be found to 
have dried without a crn f, k. A second 
coat is now laid on in the same way, 
and with the s'liue care, as thinly as 
possible. This is again allow ed to dry, 
d m on fo about. ,‘>0 coats. After the 
first 5 or (> < *ats, s ^n wever, a portion 
of cow -hair i be worked into the 
paint, and it, mav be spread a little 
thicker. After about III) cnAts have 
been given, there will be a thickness of 
about ^ in., and the mould may now be 
completed by building up in thicker 
layers until a Mitlicient strength is 
, obtained. The mould must, he hooped 
| about m all directions with iron bauds 
■ to strengthen it. After this, it being 
; apparently pictty dry, a temporary kiln 
i is built round it, and a gentle fire B 
! kept up until the wax flows out through 
the drains before mentioned. A con- 
| siderahle quantity of wax ay^il be lost, 
j but some of it may be saved by placing 
tubes at the drains to feud^t outside the 
. kiln. 'Phis operation is usually, but not 
j invariably, conducted in the pit beneath 
| where the metal is to be melted. 


horse-dung. Cellini preferred rotten rags 
and cow-dung. The result sought for 
and attained in cither ease was the same. 
The body of the ipotild was composed of 
a very fine fire-resisting powder, held 
together by some other less refractory 
body, the result of which was that the 
xnould^’ when tolerably*- dry, was firm 
and solid enough, but wdien exposed to 
a great heat it became very friable and 
porous. These moulds took a long 


When the wax has ceased to run, the 
fire must be. let out, and the kiln taken 
down, in order that the drains may be 
stopped. These must be plugged with 
great care with the same material used 
for the mould; the kikiis then built up 
again, and the firing is carried on as 
before, until the wax has been com- 
pletely dissipated. W^eu there seems 
to be no trace of wax left, the fire must 
be still kept up, and indeed urged oih 
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until the mould and core are both of a | 
line cherry-red, after which the lire 
may be let out, and the whole allowed 
to cool slowly down. If the mould is 
at the right heat, it can bo seen on 
looking down ^lll! openings of the vents 
and jets, or on putting a piece of tarred 
rope down, when it will take lire if the 
boat is right. 

The kiln being cool enough, it must, 
be pulled down, and the pit. must be 
tilled up with fine dry eaith, pressed 
ti mil y and evenly nil round the mould, 
so that the top alone, showing the 
openhigs of the jots and vents, is visible 
above the ground. lie the w ork small 
or large, this proeess of living is ex- 
actly the same, only that a mould for 
a xcry small figure tan he tired in 
about 8 hours, and a statue mil) take 
."» weeks. 

nu small works it is not. advisable to 
list: a lut o mould. ^H'nmpo is quite good 
enough, any mixture of which plaster 
and brickdust are tic* chief components. 
Many founders use for the moulds ex- 
actly the same composition that they 
use for the core, and it saves trouble to 
do so. Jt • better practice, however, 
to use a somewhat stronger cninpn for 
tin mould. Some make an inner skin 
to their mould-, of a closer and harder 
composition than they use for the 
backing up, anil this is in accordance 
with theory and good practice. Hut 
unless the heat is carefully regulated, 
these layers sometimes separate in the 
firing, suppose, however, that 

the work lias been successfully filed, 
and is in tln^pit earthed up and ready 
to cast. 

1 he next consideration is the furnace. 
This may be made in many different 
fonr.s. 

. ^ irst in power and capacity is the 
reverberatory furnace, with its saucer- 
shaped hearth, and its flat-domed roof. 
It may be made of every varying size, but. 
it is inconvenient when made for small 
charges. These furnaces are a very 
ancient invention, but tint.il the end of 

■ J t century tjjey were made without 
any chimney, the draught being supplied 
through two or three long trenches, 


with the aid of wind-sails. Modern 
practice lias dispensed with these last, 
and added a tall chimney, besides 
flattening the dome of the roof very 
considerably. 

The furnace most, suited for small 
works m the artists’ studio is, however, 
the common air-furnace for crucibles. 
This furnace is cheap and easy to build, 
and takes tip but little room. It is 
usual t«» build a row of them in the 
form «.f a low wall along one end of 
the work-hop. The usual size takes 
a crucible with a charge of about 
40 (ill lb. of metal ; this is easily lilted 
out by one man. Jf more metal is re- 
quired, sex oral crucibles aio poured at. 
once. These furnaces are, howexer, 
sometimes made of much greater size, 
and crucibles are used which will take 
loon lb. of metal ; but these, of course, 
are m»t JikeJv to be used bv aitists 
very frequently. Very convenient is 
a portable furnace, exactly suited for 
aitist*,’ occasional u-e ; it will take a 
charge of 32 lb.* <j nil e enough for a 
small bust, or a sketch, or statuette. 
Fig. ‘200 show sail ideal foundry in sec- 
tion: A, pit ; it, entrance to pit; (\ shed 
or store oxer stairway; i>, crucible 
furnace; r, ashpit with gratings; F, 
firebox of rexerberator ; is, hearth of 
reverberator; n, chimneys; i, flues; 
K, wall of foundry ; J., cross-hen m ; 
iw, foundry crane. 

The metal most suitable for artistic 
xx ork is an alloy of copper and tin, either 
with or without the addition of zinc, 
lead, or both. The mixture used by the 
Kellers xxas, copped Pi *4; zinc f) ■ fill ; 
tin 1*7; lead 1*117. Hopper 87*8; zinc 
(1*52; tin 5*1; lead 0 58; gives also 
a very good metal. Hopper P3, tin 7, 
gives an excellent bronze. An equal 
quantity of yelloxv brass mixed with 
this gives an excellent and easy-flowing 
metal. l»ronze is usually considered to 
be improved in colour by using zinc, 
and lead is supposed to aid it greatly 
in flowing. Tin gives great, hardness, 
and when the :*iimmt of tin use^is over 
20 per cent, the metal becomes useless 
for artistic purposes* A bronze com- 
posed of copper $iu| 3-4 per cent, of 
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precautions to lit* observed. The crucible 
.stand is placed on the bars at the bottom 
of the empty furnace. The height of 
this stand should be such as to biing 
the top of the cnuiblc 2 in. below the 
throat of the ftirnuce. The stand should 
have a thin layer of ashes on it, to 
prevent the ciueddo sticking to it. 
Then put. in as much metal as the 
crmihlc will contain, and cover it over 
with a proper cover: tluow 2 or .'I 
shovelful!* of live coke into the furmue, 
and till up all round your crucible with 
good clear broken coke up to the level 
of riu* crucible top. 1*1. ice some laig»* 
pieces of coke onto}>, taking care that 
they do not get in the throat of the 
furnace, and so choke the draught. Put 
on the cover of your furnace and draw 
out the. damper, and tire a*. hard as 
you can until you find that the metal 
has run; then add more and more by 
degrees until yy. have a full charge. 
Some keep a tniek layer of charcoal 
dust oil top of the metal, others do not 
take !iny precaution to prevent the 
formation of dross. Most persons, how - 
ever, add a little borax, which power- 
fully cleanses the metal. It must he 
web "skimmed off before pouring. 

When the metal is ready to be with- 
drawn from the furnace, the coke, must 
be cleared away from the pot, so as to 
make room for the crucible tongs. 
These arc placed over the pot, and kept 
closed by a ring. The pot is thou lifted 
vertically by one or by two men, and if it 
is a is poured at once out 

of the tongs, but if it is a large one it is 
placed ,in^i receptacle called a cradle, 
which is carried by two or more men. 
Sometimes it is poured into a hand 
ladle, or shank, and thence into the 
mould. This is not, however, usually 
done unless the contents of several 
crucibles is required, and then it is 
better to form a large basin, or core, at 
the top of the mould, the openings of 
the jets being,closed with plugs. All 
the crucibles should be poured into this 
basin before drawing the plug; this 
ensures a clegn casting, as all impurities 
float on the surface, and are not carried 
int<^the mould, When this basin is not 


used, it is of the utmost importance 
that the bronze should be thoroughly 
skimmed. If the metal runs down 
| quietly, and rises up in the vents till it 
reaches the surface, it is a sure sign 
that the mould has filled properly. If, 
on the otlu-r hand, it makes much 
noise, and, worst of all, if it spurts and 
splutters in going down, and does not 
liM* up again in the vents, it is certain 
that the casting is a failure. 

The moulds for small — indeed for all 
— work should be broken down as soon 
as practiealde after the metal lias set, 
j but great care must be used not to 
exj»o.se the smlaeo of the casting too 
soon, for w hi Je it red hot bronze is 
extremely fragile and liable to injury. 
The statue, on being freed from its 
mould, will be found with its system of 
jets and vents perfect as they were made 
in wax. Those are then cut off with a 
saw as near as convenient to the surface 
of the statue. The figure is then well 
biu4iedwith wire brushes, to remove 
! all the particles of the mould; it is 
then placed in a bath of very dilute 
acid to pickle, as it is called. This 
deans the surface of the metal very 
completely, and the artist cun then 
repair any little defect that remains, 
as, for instance, the places where the 
jets have been and the like, after which 
it is usual to give the work its patina 
or colour, which is produced by the 
action of various salts and acids on the 
surface of the bronze. A great variety of 
tints are obtainable, and in the selection 
of these every artist will, of course, 
exercise his own taste and judgment. 

Although there are, both in England 
and abroad, excellent statue founders, 
whose work leaves nothing to be de- 
sired as far as the ordinary run of 
bronze work is concerned, and who are 
even able to go considerably beyond the 
average requirements of commercial 
sculpture, yet it i& a matter of deep 
regret that autograph work in bronze 
is almost, non-existent in England at 
the present tjme. Sculptors ^sed, even 
in this country, to be their own bronze 
founders, and that at no very distant 
date, ) 
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If artists could he persuaded to be- j as it makes the evaporation quicker, 
come once more their own founders, as j Some paiinas are produced by heat, 
far, at least, as small works are con- ; It is a very complicated subject, ami 
corned, I do not think that it would he ] one on which very little is known, and 
a matter for re^iet even to the manu- \ cniihcquently the results are v.uious 
lacturers of cabinet bronzes. These j There semis no scientific Cecil racy about 
would still command a largo sale, as the j it. The Chinese and Japanese probably 
autograph works produced by artists j know more about it th in we do. 
would of necessity be higher in price In some cases, a small piece is cut out 
and few in number. It may be obji oted j of the wax model for the introduction 
that- bronze casting is not an artistic ; of the core, and is afterwards titled on 
but a mechanical employment. Against \ again. In larger w orks, openings must 
this view of the case 1 must earnestly be left to get the core out, as it is not 


protest, as my own experience is that 
hmnze casting requires quite as much 
artistic skill as niaihle caivnig, and 
that neither tin* one nor the other 
should be in other hand** than the 
artist’s own. ((*. Sinmnds.). 

It is necessary, in the wax pioeess, 
that the mould shall he hot, but it is 
not made hot on purpose; the bimi/* 
is pouied in as soon as the mould is 
cool enough. In small rusting*, the 
hotter it i» the bettrn-, so that it ii not 
red-hot; in large castings it should be 
pretty cool, because the body of metal 
being so large, it heats the mould so 
much, that if it were too hot at first, it 
would produce sandburn on the surface, j 
The joining of the pieces is done by the ! 
box-joints already described ; a small ! 
rim of metal is left standing at the | 
edge of each joint, and when the two j 
are fitted together, these little rims ] 
are screwed or riveted together, and j 
then the metal is worked down with 
punches. Sometimes they are burned to- 
gether. In order that the colour may 


desirable to leave it in. That is one 
reason why large statues should not be 
cast in one pic< i*. A colossal figure cast 
in wax in mu* piece at Pappi’s in Flo- 
rence, tlie height being 1*2 ft. 4 in., was 
a x cry large and dillicult work to ca>t in 
one pieiu. In order to get the core 
irons out without injury, little boxes 
had to h<* made here and there, with 
lids, and tin-e lids, intend of being put 
bai'k into their pi aits and closed up, 
wen* attached by little jets and vents 
ot their own to the easting; tlfen the 
core irons were got. through the open- 
ing.*, and each little lid was nftenvards 
fitted into its place, and all those joints 
had to he cb»M*d up. It seems just as 
well to have the statue in several piece* 
fitted with a good box-joint. 

Jn a large statue the cores add very 
much to the weight; besides which the 
core might absnib moisture and freeze, 
and cause cracks in the statue. This 
lias occurred in some bronzes at Venice 
where the core had been In 

small articles there is no objection to 


he uniform, it is neiy^ary, that, when leaving the cure in, exeep^ the addi- 
casting a subject in many parts, tin* , tional weight, w hich would not he great,, 
whole of the metal should lie mixed at * As to the proper thickness for the 
ouce, whether it be cast all at once or metal, in large work the thinner the 


not, so that there may !>•* no mistake J better, in small work it xvould he difli- 


ahout getting the same alloy each time. 1 cult to cast if they were made too thin. 
The green piiuia cm statues is usually What is very thin for a large work 


given by some acid or salt, sal am- would he very thick for a small one; 
moniac being gene Ail ly used. The sur- and small works are generally much 
face is scratehbrushed and cleaned off j thicker in proportion t^ian large ones. 


as perfectly as possible, to get off every It. is very dillicult to get a uniform 


particle i>f grease, and then a strong or thickness throughout if the w\*ir is very 
weak solution, according # to the colour thin. A casting no thicker than a 
desired, is stippled on with brushes ; if penny would be very thin. The thick- 
the status be vrarmjsoiquch the better, ness is governed k v the sflyface # oyer 
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which the metal has to run. Jt would 
not do to ho too thin, or tin* metal 
would chill he fore the whole suri.ue 
was covered. Jn the Wellington monu- 
ment, the metal is ahout * in. ; in the 
Sphinxes J in., ierau.se there is a greater 
surface for the metal to run over. In 
the Jieaconsfiehl statu** it is ahout. ^ in. ; 
hut. in some portions jj in. Some por- 
tions of a statue may he alum 4 solid, 
where there are fold-, in tin* diaperv 
not large enough to get a ouv in pro- 
perly ; hut it does not do to east too 
many parts thick, or m cooling tin*v 
will* draw away from the thinner parts 
and break. 

(h) The method of making moulds tor 
the (W > i jH'nhUa pr»u ess apj.iars t«» me 
to he antiquated and l»\ no mean-, 
simple, or likelx to gm* riitain results. 
Tin* in iten.il used tor the <*»n*>. t «*., 
plaster of Paris and hiiikdii't 01 loam, 
although firm wh**\ s* t, becoims fiiahle 
and weak after filing, < aiding great 
Lability to waste and nsk of sandy 
duty tastings. A oeitain amount of 
plaster i> ueeevsary for e*>iistrueti\ e 
purposes, hut some binding material, 
sueh as soda or other flux, should be 
mixed with the, core to hind it. together, 
when burnt; the venting of the cores 
may he greatly assisted by adding saw- 
dust, to the mixture, which burns out, 
leaving the con* porous, and assisting 
its strength hy the fusible salts con- 
tained in the wood. 

For the outer mould a first laver of 
very fin* JoaiA, ground in petroleum 
oil, should lie applied with a brush, and 
over this iijiav coats of mixture of Him 
sawdu.st. and loam, to which has been 
added a proportion of short, fibrous 
asbestos, the outer casing being made 
of the same mixture but coarser. Each 
. coating must he put on in such a 
manner by the point, of the brush as to 
leave a rough surface, which readily 
binds and adheres to the next coating, 
and it will, o£ course, be undei stood 
that the asbestos fibre must he mixed 
by hand.; if ground in a mill the fibre 
is destroyed, ^nd the asbestos becomes 
useless. A mould made in this manner 
Can J>e dotfe rapidly, dries in a short 


time, and will never crack; in fact, it 
is strong enough to stand the pressure 
of the fused metal in small \xoik with- 
out binding or any external assistance, 
and there is no risk in handling the 
moulds without any special care. i 
ha\e lifted a block of this material ."0 
to -JO lb. weight when half dried, hy 
on** corner, and dropped it a distance of 

it. without, a riack appearing. The 
FV'teni of pooling the metal from un- 
derneath is nut so iinpnitaut with these 
mou his ; they ale as linn a<< an ordinary 
IVath-hink. At, the same time it is 
alw ays ad\ mabh* fm artistic woik where 
Inn* suri.K *'s ai<* uetes.sary. The airout- 
hts max be fumed by thin sticks of 
wax, as they can bo numerous and very 
small ; hut tin* ** gate ” or inlet for the 
metal is usiiallx ninth better tor large 
suitnc woik if made wide than very 
narrow, and it of this shape it. can 
usually be placed where it can bo cut 
oil’, '.n«l no finishing is nocessni \\ 

TJ« we is one method of pouring w ld< h 
is only piactised for some sp*cial pur- 
pose', but which would give perfe* t, 
results in ligu isting, as the natal 
th-ws calmly in without any rush or 
disturbance. In this method the gate 
or inlet is at one sole near the bottom, 
the ha-in or “ sow is immediately 
below it, mid the basin and mould are 
fastened together and mounted on a 
swivel. As soon as the melted metal 
is placed in the basin, the whole is 
giaduallx tilted over, the metal Rowing 
quietlx from the basin into the mould, 
the xeiit.s and riser being ofeour.se on 
the same side asttlu* gate or inlet, so 
that when tin* mould is turned com- 
plete] v oxer all the openings are on tin* 
upper side. 

.Manx castings are liable to he spoiled 
through delieiency of metal; this call 
always be obx i.ited by taking a knoxvn 
bulk or xx eight of modelling wax for 
the work, and weighing the remainder 
after the work is done. A little simple 
calculation xvill enable the correct 
quantity of jnetul to be ascertained, 
and nil allowance of ahout. U*> per cent, 
additional will cover all necessary for 
ga.te, riser, and vents. (Thos. Fletcher ) 
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(<;) The Japanese are the real autho- 
rities to whom we must turn for guid- 
ance in the use ami treatment of alloys, 
both in texture and colour. First, as 
regards texture, they seem to delight 
in copying in metal-work the must 
delicate texture; even the bloom on 
the surface of fruit i*. not be) owl their 
admirable shill. In t ruling the nature 
of their methods, it is necessary to 
repeat, wh.it has often been said re- 
specting the alloys they employ in older 
to produce their wonderful results. 
There is a wide range of such alloys, 
but the principal of them are hut few. 
There is an alloy of silver and copper, 
sometime'! with equal proportions of 
precious and b.iso metal, aud then* are 
endless varieties of copper of different 
degrees of purity. Tin-re are several 
kinds of brass. They have also a re- 
markable series of alloys, in which the 
precious metal replaces the tin and 
zinc, of ordinary bronze ; but. really 
their mam allots, with the exception 
of bronze, are comprised in the follow- 
ing examples. 

The lirst is called shaku-do ; it con- 
tains : — 

(it) Copper .... 04- " 50 

Silver .... 1*55 

Gold . . . . o • 7*5 

Lead . . . . Ml 

Iron and Arsensic . traces 

(Gowland.) D'J*80 

(h) Copper .... U.V77 

Silver .... 0*08 

Gold • ■ • • 4*16 

(Kalischer.) 100*01 

or in addition to about 05 per cent, of 
copper, as much as 4 per cent, of gold, j 
It has been used for very large works. 
Colossal statues are made of it, one cast 

(') 

Verdigris 458 gr. 

Sulphate of copper .. .. 202 gr. 

Nitre — 

Coftimon salt .. .. — 

Sulphur — 

Water * 1 gal 

Vinegar .. .. .. — 


at Kara in the 7th century being 
specially remarkable. The quantity of 
gold is, however, very variable, and 
certain specimens contain only 1*5 per 
cent, of the precious metal. The next 
important alloy used l»j- the Japanese 
is called s'lilm-vhi : — 

( ■) Copper .... 67 * 31 

Silver 52*07 

Gold . .... traces 

Iron. .... *52 , 

Glow laud.) 00*00 

(</) Copper . . . . 51*10 

Silver .... 48 * 05 * 

Gold .... M2 

(Kalischer.) 100*15 

There are many varieties of it, but 
in both these alloys shdnt-do and 

the point of interest is that 
the precious metals are, as it were, 
sacrificed in order It* produce definite 
result^, gold and silver, when used 
pure, being employed very sparingly to 
heighten the general elieet. In the 
case of sfatfai-dn, the gold appears to 
enable the metal to reeeive a beautiful 
rich purple coat or patina when treated 
with certain pickling solutions, while 
shihn-iefti possesses a peculiar silver- 
grey tint of its own, which, under 
ordinary atmospheric influences, be- 
comes very beautiful, and to which the 
Japanese artists are very partial. These 
are the principal alloys, but there are 
several varieties of them, as ’•'ell as 
combinations of shnhu-do an^- shihu-ichi 
in various proportions, as, for instance, 
in the case of hiu-$hihn-icW , the com- 
position of which would correspond to 
one part of s/tafai-dn rich in gold, and 
two parts of shihu-xrJii rich in silver. 

Pickling .solutions are made up re- 
spectively in the following proportions, 
and are used boiling : — 

(/) (if) 

87 gr. .... 220 gr. 

.. 437 gr. ....■• 540 gr. 

K7 gr. — 

140 gr.' .. .. — » 

.. 233 gr * — 

— .... , 1 gal. 

. 1 gal 5 ft. dr. 
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That most. widely employ'd is (r). 
When boiled in ('/) solution, pure copper 
will turn a brownish rod, and shaht-do, 
which contains a little gold, homines | 
purple. Ycrv small (juantitios of nn>- ; 
tallic impuritv allccl tin* colour result- ] 
ing 1'iom the action of the pic kb*. 
( # opper containing n small quantity ol' 
antimony gives a ihadc ver\ diihiti't 
from that resulting from the pickling 
• ol' [Hire copper. Hut the copper pi<»- 
duct'd in Japan is often the Jesuit of 
smelting complex oi«*s, and the methods 
dt # pui ilie.it ion are not >0 perleetlv un- 
der -tooil as in the West. The JeMilt i ^ 

1 ls.it tim •‘O-i ailed 4 ‘ antinionv ” of tin* 
Japanese ait metal workers, whuh is 
present in the \arietv ol' loppm* eulhd 
fjirumi, is reallv a complex mixtmc 
containing 1 in, ( ohalt, and m:m\ other 
metals, so* that. a metal- w • >] ker has an 
infinite series of materials at loiomaud 
with which to ..secure any paitieuhn 
shade: and these are used with nnuli 
judgment, although the seientilu- reasons 
lor the adoption of any particular ! 
sanqde may he hidtleu Irom him. It 
is stiiefly accurate to say that each i 
]>artieular shade ot colour is the result, 
of minute quantities of metallic im- , 
purity. j 

Tlie action of these solutions is ro- 
mai kahh*. You have copper to whiili 
a small amount, of silver and a smill 
amount of gold are added. The amount 
of gold may he variable, ami artifice!-. ; 
often* take credit, tor putting in mm h 
more th,u»annl vsis proves to he present ; 
hut. a small amount of gold, it in:i\ he | 
only 1 pe# cent., is snllieient. t * » entirely 1 
change the character of the copper, and j 
when \ t»u come to treat it. by jiieklmg 1 
solutions-, you get a totally different | 
result, from what you. would if copper j 
alone were employed. The Japanese 
also take copper and dilute it, some- 
times half copper and half silver, some- 
times only about one-third silver and 
all the rest, copper, and that, gives the 
lovely series of grey alloys which, | 
either *by exposure to atmospheric in- 
fluences, by handling, or by treatment 
of suitably pickles, gives the beautiful 
serf's of light and dark greys of which ! 


the Japam-se are so particularly fond, 
and to which the name of s?ri?iu-ichi is 
given. Then, again, they have copper 
in which small amounts of impurities 
may be present, and the nature of 
such impmitx and its amount, w hit h 
seldom e\< cods yj-th pel* cent., is quite 
Miilieiciit to chance the ciwuactcr of 
i tlie copper. The Japanese, working in 
1 no '•mall men mi re hv rule of tliuinh, 
find that entain varieties of copper are 

t suited lor definite pioeesse-t, and 
they store them up aud use them in a 
del mite wav. 

In all these eases the precious metals 
arc deliberately sacrificed with a \iew 
to pioduie a deiinite result. Why 
iaim.it we use the aliens (ut which we 
ha\c tlu* analyses', in order to produce 
results in thc-c lot tdy grey tints? The 
finest jiieer of s that I know, 
with its blue bloom, is a heautifully- 
cai\ed swoid hilt from the collection 
of All. l.dwanl 1 hi Ion; and .*/ ui/m-do 
fonfis the huMs of many spmmeus of 
Japanese ait. in a little medicine ease, 
tin ha«e is «-</•*, neaily of the com- 
position given in Anah "is No 1. The 
cm iehments aie the grey s/fi ; u/-iWo, a 
l,un>mi tidi, with‘J1 tin} dots of gold in 
the space of about one-eighth ot an 
inch, Tlum tlieie is a ththn-H'hi slid), 
with a gold shell pi. iced beside it, and 
a //// ttuu cairot. on which agiey shi'm- 
it hi mouse, with s/m/.h do spots let into 
him. is feeding. All this lavish adorn- 
ment j s most ported Iv done. The 
actual method of manipulation 1 will 
now describe. 

Jn the* plate <*f light, brown bronze 
(Fig. *J01), which piesents the simplest 
possible ease, there is no attempt at a 
raised surface: the aitist has simply 
taken a plate of bronze, JS* in. diameter, 
he has cut a design in it, and inlaid 
that design with Wherever 

he has scooped out the drawing of the 
beaut ifullv grac eful bird, he has inlaid 
shahu-do ; and -lie has taken a darker 
variety of sfnilH-dn — that is to say, one 
which contacts a little more ggrld which, 
when treated with a suitable pickling 
solution, will come out a little darker 
— and has in that w av produced exactly 
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■the effect of an Indian-ink painting, in effect by a raised surface, but the de- 
a dark and comparatively light shade, sign is completed by an inlay of dark 
201 shahi-dn on lighter shaku~ 

do on a bronze basis. 



J .ip ineef plate. 


In Fig. ‘20 a larger 
plate, 18J in. diameter, is 
on the whole, a fair ex- 
ample of the treatment of 
the complex series of 
alloy',. They first, of all 
take a plain surface of 
copper. In this case there 
is a raised ornament, in- 
stead of a perfectly Hat, 
one. They scoop out the 
outline of a leaf, undercut 
it to a tvrlain extent, 
make the leaf that they 
wish to insert of a parti- 
cular alloy — it may be 
$hahu- h) tipped with gold, 
the surface being lougli- 
enod an,’ the gold ham- 
mered on just as a dent ist, 
would — then the whole 
design is fitted in like a 
puzzle, and the result is 


* 2»*2 


they huild up a picture 



gradually, lining coloured 
alloys, »*r alloys which may 
be coloured by the action 
of a pickle. The basis is a 
plate of copper. in one 
place is a leaf which is not 
1 rally raised, but a little 
sunk below the surface of 
the. original plate- The 
only relief it ? assesses is 
obtained by hammering a 
light variety < '* gold over 
it. Then comes a red bud 
of fturonii, set with its 
golden points. Then a 
a/iihu-icfii leaf, half of 
which is of red birumij and 
the bird, of &haku-do> with 
all its feathers carefully 
drawn, and the lustrous 
effect, of the plumage pro- 
duced with really consum- 
mate skill by th is use of 
fine lines. Then comes a 


on a piece of glased brown paper, Mm-ichi flower with a golden centre. 
There is no attempt nt producing an | This is typical of the work thej do*, 
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however large or small it may be they they employ a darker alloy for prn- 
siniply inlay these coloured alloys, during the effect of painting on im t.il, 
using generally a bomhre base. so to speak, In a very remarkable way. 





Japanese ornament. 


| Then* is one example in Huish's oolb*c- 
j to n, a t into handle. which pusonts tin* 

| i lh*< t ol a dink’s lank and wings in 
i i oiupar it h »d v lifeh leliefwith his net k 
j und* r *\ il*‘i ( lag. L'n.l). II.» is :i >/*, //.,/. , 
pill pie diuh, ]d nil gin g through Silvers* - 
gl*« \ W.itei, hut his body is ill hi jit 
relief, his nc< 1. is of a dillen-nt 
J ot tinted .*»/(o/.a-/A> to tin* red of Ins 
| hod \ , and it is so heaul it'ully let i u that. 

I it i.^M-ible only m eeitain lights, but. 
it plDdine-* exact !v the elVect of t lit* 
'hit L’.t neck heillg below tin* mi 1*1. lie of 
the w.itei. No Ian ope.in art ilieer uml 1 
• •lit .mi hiieh a result : it shows the mod 
beautiful illeits, not liierch of textuic 
j but luiiliaiuy and transparent y. The 
ioloUl* ellei t Is produced hv the Use of 
the pn kies— the com position lias been 
alieady gi\en; but many of tlie ex- 
tremely valualde old Chinchc hron/< < 
have acquired tluir tiut simply by 


JapaueHo alloys. 

The Japanese do not merely trust, to j long exposure to atmospheric influ- 
obtaining effects by high relief, ns is dices. 

the fuse with this" plate; very often At tt (Fig. 204) is a portion of an ordh 
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nary Chinese bronze kettle, in which 
the ornament has been obtained by little 
punctures from behind, which reflect 
the light. When first looked ut,\"ii 
would Hunk there were two metals, a 
copper kettle inlaid with silver; hut it. 
is nothing hut the elleet of the polished 
surface of brownish copper, with raised 
prominence*. 1mm behind to reflect, the 
light and produce the elleet of another 
metal; e, Fig. 2<>4, is another example of 


which the Japanese* employ are taken 
in thin .sheet* and soldered together — 
and sludu-do — in 
alternate burl's, as shown in Fig. 2' hi ; 
th'*\ drill Minical holes A l> in them to 
a greater or less depth,, or roll them 
• »ut. and then h**at tiiem up 1mm behind, 
and then tile oil* the prominences and 
then heat the sheets until tin; holes are 
obliterate!, and thus get these diili-rent 
trata, and produce the beautifully 
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similar ornament. Often the surface is 
very beautifully worked, and the « fleet 
is produced entirely without any varia- 
tion of colour, for the tint, is uniform 
throughout, of a characteristic brass. 
The surface is produced by simply 
striking it all ovcj 1 with a blunted tool, 
which gives the particular lines c (Fig. 
204). 

The particular Japanese alloys are 
those to which the nam?is of moku-me 
(wood grain) and miyu-nntfashi (marbled) 
arc* given. The characteristic alloys 


handed effects. Fig. 200 shows more 
accurately the method of actual work, 
the pattern being produced by heating 
up a seven-layered plate from behind, 
and filing the surface flat. 

; Fig. 207 is a cylindrical bend about 
}-in. high; half the cylinder is of the 
! marbled alloy (produced as shown in 
; Fig. 200), and the rest of the cylinder is 
made tip of bands of red-eoppers/irtAvM/o 
and silver, beautifully soldered. Fig. 
208, a wonderful piece of 1 manipulation, 
is a bead f-in. diameter ; hatf the sphere 
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is of grey shibu-ichi , and the rest is com- 
posed of very fine soldered plates, show- 
ing how perfectly the complex 


208 . 



Japanese head. 


shtiku-do , the effect of wood-grain 
(mo/iu-mc) hemg exactly imitated. 

The lobster red of the Japanese is, 1 
helie\c, not a product of pickling at all, 
but is cuprous oxide, formed h\ heating 
copper in air (it may be in ail* and 
steam, as is the case with then* well- 
known and brilliant coloured commer- 
cial samples of metal), and then burnish- 
ing it, but I am not certain about it. 

The Americans li.uc prod mod some 
very beautiful alloys whiih show a 
rich purple tint. They are apparently 
of siher, and running ovei theobjeit, 
usually small, is a damask pattern m a 
d.irkei shade of the same purple line. 
This heautilul dama^k-like oin.unent i-> 
piodueed appirently by inlu\, Act it is 
not po.v-ihlc to *>ee tiiat there is any 
inlav. I believe the patina in tins par- 
ticular case is in some way produced by 
the action of light. 

Many of tliwc alloys may he blended 
by casting; you may base an alloy 
\\ith*a solidiiwug point a little lower 
than the rest, .md pour the two alloys 
m suc< e-i.siou, and the one which sets 
first may he eoAered by the other one. 
Take for example a bronze god clothed 
in brass, with brass anklets and brace- 
lets. That is done by pouring brass 
round a copper casting »d suitable form, 
Endless modifications may be produced 
in tins way by pouring allots one over 
the othei. (l*rof. Koherts-Austen.) 



Colouring Metal Wares. — 
Small metallic articles, buttons, 
clasps, buckles, and others, lucre 
^ tiilVereiit coloured films produced 
ra on them Aarious methods, 
sj- Some of these are known as oxi- 
^ (lxst'<! silver. Kainhow colours are 
produced on bi.i«h buttons b\ 
k stringing them on a copper Avire 
JJl and dipping them in a bath of 
0 plumhate of soda freshly prepared 
^ bv boiling litharge in caustic 
soda, and pairing it into a 


. porcelain dish. A linen bag of finely 

Japanese knife socket. pulverised litharge or hydrated oxide 

• • of lead is suspended in the sohition, so 

may be worked, even into a rounded as to keep up the original strength of 
surface. Fig. 209 represents a knife the solution. While the buttons are in 
socke^ of alternate layers of copper find : the solution, they are touched one after 
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flic other with a platinum who con- 
nected with the ] >osit i \ pole of* a bat- 
tery, until the dcsiicd lolotir appears. 
Tilt* galvanic current employed must 
not be too strong. Tin* mlouis mo 
more hrilhiiit if tliev are lo- ite.l aft**r 
tiiey have been linsrd ami dried. 
Coloured lilnis aie more convenient iy 
produced upon bright brav* by dilleivnt 
chemicals, by punting with them, or l»v 
immersion. For evample: llobb-n \vl- 
low. — liv dipping in a pcitcctly nential 
solution ot aeetate #«t* nipper. I >u 1 1 
grayish gie»*n. — Kepe ilcdlv p tin! 1114 
with very dilute solution of ihlond** of 
copper. Fuiplc. — Ilcatiu" them, and 
running ovei with a tuft ol’ 'oil on 
.saturated with chloride of antimeuv. 

( ioldeu red. — A «• ol' lour parts ol’ 

piepaied <halk and mobile gold. 

in covering an artude with any 
eolouivd bronze in powder. it is 1 1 1 <t 
rubbed with a very Jit tie Imved ml, ; 
and the bronze h dusted oven'y o\er 
it from a du-t bag. It is nltt 1 .turds 
heated in an iron pan to about dsn'" F. 

Ii all artnde :iN 

roughened hv dipping in strong nitric 
acid, and, alter washing and diving, 
they are coated with a lupnllv dr\ing 
alcohol varnish that has been coloured 
yellow with pitric acid, red with fiieh- 
sine, purjde with methyl violet, or duk 
blue with an aniline blue. r J'his gives 
the desired odour witii a beautiful 
metallic lustre. T1i»»a“ enjoins are not 
very durable and are for mlcrior goods. 

Copper Welding. — Thu ait of 
welding copper was well known to tin* 
ancients; hut the sc* ret hv which two 
pieces of copper can be joine 1 so as to 
present as perteef. a union as that made 
ill welding iron was by some accident 
lost, and many millions have since been 
spent m resuscitating it from oblivion. 
The lost art is stated to have been at 
last rediscovered by James Burns, of 
Fitfsburg. The Vcoiiomm value of the 
process lies in the fact that, even by 
t he best methods now known to metal- 
lurgist^. copper scrap cannot be econo- 
mical! v utilised because of t lie* difficulty 
in welding a mas* of pieces into one 
body. Burns recently demonstrated 


before a critical audience that bis pro- 
test is not a mere sham. After flatten- 
ing a rod of copper jj in. diameter, he 
formed a disconnected ring. The usual 
“ m aiding ” process — forming a union by 
means of an oblique j»iut — followed ; 
and then the operator, after sprinkling 
a certain powder over the piece, pro- 
ceeded to make a wtdd which, when 
cooled, showed a perfect, union. lie 
next took the ling, whnli measured 
- in. diameter, and submitted it to a 
'li. 1111 until 1 » s longest, width had been 
e.\tuided jin., its shoitcr width being 
uai lowed to a corresponding degjee, a 
cir« b* bring thus (hanged into an 
cllip'i-. Tins was a more severe test 
Ilian non is e\ peeled to stand, and 
demount 1 at** 1 lonclusivclv that the 
union of the two ends of the rod was 
in*! the imre •‘brazing * of the copper- 
sniit In 

Ibi 1 ns* 4 discovery opens up a new 
li<*ld in working nipper, and will in all 
probability must* great, changes in some 
lines of manufacture. At present, to 
make a copper ring for fitting over a 
joint, <»r making a gasket, or joint, it 
had to In* cut round out of a solid 
plate, tausing great waste. To repair 
broken or dcfeitm* pipes, brass bad to 
be used ; ami should an intense heat 
strike the lira/.cd part afterwards, the 
brass would melt and ruin the phuo. 
l»ut bv tie* Burns proiess the economic. 
Use ol' copper is assured, and copper 
scrap, now woi tli but oiw-tbird its 
weight of new' copper, w m]d be as Hgh 
in value as ingot copper, it is said 
that tin* ingredients which form the 
powder used by Burns in wadding are 
\ cry cheap. — ( ( %t inf hts’s Journal.) 

Enamels for Iron and other 
Metals. — When the enamel becomes 
separated from the metal, or when the 
iron beuds away from the enamelled 
side, i.r.y when 1 lie contraction of the 
enamel on cooling, is less than that of 
the iron, one of the following altera- 
tions must be made in the composition 
of the enamel : — 

(a) Increase the amount of silica. 

(b) licplacc part of the boric acid by 
silica. 
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(r) If lead is present,, replace part of If the enamel breaks, and the iron 
the lead oxide by alkalies or alkaline bends towards the enamelled side, and 

earths. the contraction of the* enamel is there? 

(r/) Ilejdace part. of the alkaline fure greater than that of the iron, the 
earths by alkalies <m diluents must 1 m* altered in the 

(t ) Increase Hie alkalies and diminish opposite sense. Tin* follow ing relation's 

the hniic acid. by weight, give, act online to Petnk, 

ft') Instead of tin oxide, use bone good and i di.ibie « namels : — 
a di. 

PbO. Sn n O. Si (K. lk,O a . Sn ()„. C 

I. :io-s ih‘:> 47 * T :;V» 

II. i.w is*;, .17-1 :m> i.w 

III. ts-o ;>,s • i :w 

IV. — 1K*5 7-s — ln*4 

V. — is * 5 •: 14 - < » :*,u * 

Si O... Jk.O.. Su II,. I’tiMie Asli. 


VI. 

iK*r, 

52-1 

14 

VII. 

1 K * 5 

r »*> * 7 

1 1 

VIII. 

IK-;, 

.”*6 • 7 

14 

JX. 

1 s • 5 

52 • 5 

1 1 

relation 

between tin 

oxide 

and 


bone ash is of great importance.' - 
(Monif.tfc /(i ( WaihH/u r et </<• !ti I Wm iV . ) 

Gold Beating.— The rough gold 
is put into a stone crucible, melted, and 
poured into a mould which gi\es it the 
light width for tolling. About 5 o/.. of 
gold is generally moulded at a time. 
L is then run through rollers, the pres- 
sure of which is so great that tin* little 
har of gold that is I in. wide and about 
!> in. long, after being run through 
several times, becomes a strip about 
14 \ds. long and about the thickness of 
a The strip is then cut into 1 in. 

squffres. Tlwrrf squares are put into 
what is called a “ditch.” This cute h 
is eomposed#*of ISO skins in. square. 
The material that the.e skins are nuub* 
of is an invention of French origin, and 
is kept secret, Formcilv vellum was 
used. A gold square is placed between 
each skin, one direct lv over the other, 
until the entrh is tilled. Two parch- 
ment bands are put over them in oppo- 
site directions to keep them from shift- 
ing. The cut dr is then beaten for 
15-20 minutes with a ^6 lb. hammer. 
The gold ik then taken out of the skins, 
quartered by tp skewer, and put. into 
what is cabled tbe “ shoder.” TJie 
tin mb A* of skins in a shoder is 680. 

5 


•n 15-4 — 

•o - 

•O 15*1 15-4 

0 7 ■ 7 7*7 

Tho'e skills Ciimc from what is called the 
“ Imii't gut *' of an o v, one animal fur- 
nishing but two skins. The shoder 
'•kins arc 4 in. square. They are put 
h« tween tin* skins in the same manner 
:i" in tin* eutcli. They are then beaten 
for 1.J hours with a 10 lb. hammer, 
taken out. and again quartered with a 
piet e of rood. They are then put into 
tin* mould one over the other, asbelbie, 
until the POO skins whidi the mould 
contains are tilled. This i, beaten with 
a Inminer w eighing 7 lb. for 5-4 hours. 
The leaf i" then ready to be trimmed 
and booked. tWforc tin* beating pro- 
cess, the skins are heated and primed to 
prevent tin* leaf from sticking. Heated 
presses are used to take the moisture 
from the skills. Each skin is rubbed 
with a harc\s foot, with plaster of Paris 
on both sides before beating. Each one 
of the tir-t squares of gold beaten out 
makes 25 leaves, or one hook. The 
trimming of the leaves before they are 
put into books is done* by a tled-shapcd 
machine called a wagon. The trim- 
ming and booking is done mostly by 
girls. The trimmings that are left 
from the lcavt* are scraped together 
and melted over. A, little salt added 
makes it thoroughly clean. The granite 
Mock that the heating is dou^ on is 
• K 
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about \\ ft. high, the top surface 1 being 
ground down perfectly smooth, so ns to 
prevent tin* blows of the hfimmor from 
cutting the under side of the mould. 
The operations ^ire well shown in the 
illustration on ]>. 24-2. ( Sricnt . Am r.) 

Moulding and Casting.- -.1AW- 
di rs* Tools . — These compute the ram- 
mer, vent wire, trowel, various cleaners, 
head and thin go, and similar tools used 
for sleeking, and finally tin* workmen's 
hands. Simple though the e ma\ ap- 
pear, their proper employment inn*l\o. 
a knowledge of tin* fir-d principle- 
of the art of moulding. Tin* work- 
men's hands are purposely ineluded, 
heeause in the making of a mould \e»v 
much oit eii depends on the way in wliieii 
the hands are used. Tool, will often 
damage a mould, the hands seldom do; 
the sense of touch is more reliable than 
the pressure of a tool, and for tin* reason 
a good moulder seldom uses the latter 
w hen his hands ran Ik* of service. Thus, 
in making an uneven l»ed for the 
bedding down of a pattern, the whole 
surface will lie gone mer in detail with 
the hands, in order to judge of its e»[iiul 
consistence, or otherwise ; soit, places j 
arc rendered firm by pressure and the 
addition of more sand, and the siirlace 
is roughened by rubbing the palms of i 
the hands to and fro «»\er it. | 

Sand is tucked under flanges and rihs 
and into singles by tbo hand; pouring 
basins, too, are rounded up with the 
palms V the hands and lingers, as well 
as Tunnel* .*.£ riser heads. Broken 
parts are mended better and safer with 
the finger tlJtu with the trowel, loam is | 
daubed on by hand, small patterns are ' 
lifted out by the fingers better than 
with spikes; in fact, the bands of a 
moulder are of exceptional use to him. 

There are two types of rammers em- 
ployed, the “pegging” and the “flat 
rammer,” and each is used in different 
sizes. n (Fig. 211) shows a pegging 
rammer, and th? size of the flat end 
piece by which the sand js punched may 
vary from T in. by g in. to 3 in. by 1 in. ; 

& represents a ^nadified form, a being 
capable of gving into narrower spaces 
than P. Y or ramming between very 


narrow spacer, such as the teeth of 
small gear w t heels, .ml for small cores, 
a simple round rod of iron is often 
used. The hulk of the work is done 
with these pegging rammers, c being 
J reserved for finishing off the sand to an 
approximately level face with the face 
ol tin* flask or pattern, as the case may 
he. and fur levelling beds. 

Tiie fl.it rammer d represents tin* 
largest M/e used, ranging from o in. to 
(i in. di .under : and is fitted with a 
wooden handle, tin* others having iron 
handles. It is u»cd tor going oyer the 
hugest sui laces and for tilling in the 
, sand around boxes placed in foundiy 
juts. The handle is sell- wedging, as 
show'll at c; the hole being tapered, 

| the load of the wedge touching on the 
bottom of the hole dnus the cleft, 
handle outward, filling up the enlarged 
i tape rod ]>n e. < Mi the proper use of the 
rainiin r depends in a large measure the 
siicees issue of the work in hand. 
Hamming must be done wise]), with 
due regard to the « harncter of t he mould 
and the posit ioii of the section which is 
being rammed. 

Molten metal always has a tendency 
to fly oil fiom a hard smfacc, bee ium* 
the gas generated from the nioMure 
present cannot get away readily, but. 
foims a cushion between the metal and 
the mould. In a hard rammed open 
sand mould which is not vented, tins 
gases will he sei u bubbling up through 
the non, giying rise to little jets or 
fountain < of metal. In a closed mould, 
the bubbling of the metal against a 
hard nirlaee from yfhicli the air cannot 
escape with sutlicienl rapidity will break 
away tin* sand in patches, causing scab- 
bing. In chilled moulds, not, propeily 
dried and warmed, the metal will blow 
out. For this reason, a green sand 
mould should always le rammed only 
as hard as is neeessaijj' to sustain the 
pressure of metal. The pressure of 
i metal is always greatest on the bottom, 

! and when the depth becomes very great, 

I dry sand moulds are prefcrablqjfor tlii 
1 reason. But with gr^en sand moulds of 
moderate depth a hard bed is necessary 
to withstand the pressure of metal, and 
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then the practice is to ram a liar«l ] 
hut tom (stratum, and over this a thin j 
stratum of softer and more open sand, 
bubbling at tin* surface is thus pro- 1 
\ eii ted, as the gas gets through the mure 
open sand into denser hudy or hacking ; 
below, which is well vouted, the venting j 
being proportional to the hardness of the | 
hed. In the case of a thin shallow 
cutting, soft ramming at the surface is 
of more importance than in ,\ deeper 
one, because in the former case there i> 
little counter pressure exerted by tin* 
metal tending to drive the gas down- 
ward. Harder ramming may he dune 
in the top of a mould than in the 
bottom, because any pressure exerted 
there is relieved at once by the ris»-is, 
while that in tin* bottom is constant. 

At the sides of a mould, again, the 
ramming may be harder than at the top 
or bottom, because the gas can escape 
readily. In any case, the harder the 
ramming, the more complete should ho 
the venting, and can' should be taken 
when r.fmming to pinch the sand, not 
the bars or lifting or rods. This would 
disturb and crack the sand, and possibly 
cause it. to fall out of the mould. 
Neither should the pattern be struck 
by the rammer, since that means undue 
compression ol’ the stratum of sand in 
the immediate proximity, with a re- 
sulting scab at that place. 

'l’lie vent wire is another moubb'is* 
tool of the first importance. Small \ ent 
w ires of J-fj. in. in diameter are roj re- 
M'lifcv'^at </ (Fig. 211); large olios of J-J 
in. being shoflrn at /. Siuce the latter 
are Jong aid large, they require the 
use of both minds to drive them through 
the sand, and hence they am provided 
with a cross handle. Only in the ease 
<d some special work can venting he 
dispensed with, the exceptions being, for 
the most part, loam and open sand 
moulds; but all green and dry sand 
moulds are vented. The necessity for 
venting lies in Jhe presence of air in 
the mould and of gas generated by the 
decomposition of moist tA*e in the sand, 
lhe amount of eas thus produced would 
astonish any but a moulder or a chemist. 
So so<jp as a mould is poured, from eveVy 


vent in the top, bottom, and box joints 
issues the hydrogen, which, when tiled, 
burns in long lambent tongues of blue 
flame, and continues to burn fur half an 
hour nr an hour, nmnding to the size 
of the mould. There is enough gas 
thus carried ofi quietly and safely to 
blow up the mould a great many times, 
if that were desirable. 

The presence ot a few blow' holes in 
! castings will often cause them to be 
■ condemned, \«*t tb<\M* are due to the 
, confinement or entanglement of some 
| cunmcly small portion of gas, some 
j lew’ ten-thousandths perhaps of that 
wlinh has escaped through the vents. 
Heme the necessity lor allowing full 
piovisiuii fi ■ r the raj -id and comjdete 
exit of the gases geneiated within the 
mould. Of course the vent wire is not 
the only means of venting employed. 
When large masses of sand, both green 
and thy, have to be vented, it is usual 
to r.un up a central portion of ashes 
as a •e'-erxoir for the air, whith rushes 
oil ill large \ol nines. These ashes must 
not be too t lose to the fat es of the 
mould, especially where there is much 
liquid pressure, since the sand would be 
ajd to yield there, and produce lumpy 

eastings. 

In the case of many dry sand cores, 
ashes not only atlonl a good vent, but 
allow the coie to yield to the shrinkage 
of metal. As to the manner of using 
the vent wire, then* is no need that it 
should touch the pattern. The practice 
of moulders ill tiers in this respect; 
some cover the pattern with pricker 
holes, while othqj-s, who are more 
careful, scaicely leave a mark thereon, 
(if course, when the who touches the 
pattern the vent has gone far enough ; 
but a card ill moulder, when the nntuie 
of the work admits of it — that i=>, when 
the distance from the face of the sand 
lying outside to the face id the embedded 
pattern is pretty rciifylar, as in work 
having tolerably flat outlines— will 
gauge the distance by first touching 
the pattern with the wire, measuring 
the length, an® then pushing^he wire 
in to a distance J -J in. less, as required. 
The reason why this space can be left 
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that the porous nature of the sand 
allows the gas to strike through the 
thickness int n veiling between the tei- 
lnination of the vent atnl the face of the 
mould. 

Tor this reuMwi, also, saud of a close 
texture ami rammed hard icquires more 
and t lo'.rr a «*n 1 1 H'jj than a free and open 
sand. When, as in heddcd-in moulds, 
tin* vents are driven from the bottom 
lace down w. ml, tin* surface is alwavs 
rubbed over with sand to close the open- 
ings of tin; vents. If this is not done, 
tiie metal g» fs into tin- vents and ehoke.-? 
them up, producing a scabbed, if not 
actually a waller casting. The dmtanee 
between the termination of the vents 
and the face of the mould will depend 
altogether upon the nature of the work. 

The heavier the work, the great* r 
the thi< kuess of iuti.rv* ning sand, 
because the pressure tending to force 
the air through is greater ; but in very 
thin, light work, it is neccssai v to bring 
the vents close to the -induce.,, Sand 
which is overdamped will require more 
venting than drier sand, because ob- 
viously there is more gas gcneiated. 
For close and hard rammed sand, abund- 
ant venting supplies m an .irtiticial 
manner that freedom of exit lor the gas 
which the sand itself, through its den- 
sity, fails to provide. 

The connecting together of the vents 
in a mould is done in several ways. 
There is the vent pipe, which connects 
the vents going down to the coke bed 
with the outside of the mould. There 
are the, vents from the bottom of the 
drug in turned-o\i*r moulds, which con- 
nect the vertical vents from the lower 
mould face with the onNide of the ilusk. 
There are t lie vents from the upper 
mould face coining directly through 
the cope ; and lastly, the vents corning 
out at the joints of the flasks, and bring- 
ing ofF the air from the mould sides. 
In cases of the In* ter kind, though the 
vents or “gutters” may be put in at 
random, there is, presuming no closing up 
of their openings takes place, a certainty 
that thui'iir will strike through, because 
the mass of sand lias already been honey- 
combed with the smaller vent wires. 


j The trowel (li i j) is a tool which 
j is constantly in Use, doing duty for a 
i variety of purposes, and being carried, 
! like the (.irpenter’s rule, in the trou- 
sers' pocket, ready for immediate service. 
In company with the ^noulder’s hands, 
it shares the shaping, mending, atnl 
buidung of moulds, and is just as 
: serviceable as its namesake used by the 
mason and bricklayer. 11 is employed 
for cutting, digging up, and loosening 
the sand in small masses; for patching 
on portions which have heroine broken 
down; for smoothing and sleeking ov er 
the flat surfaces of moulds, and- for 
smoothing do w li the blacking and plum- 
bago (graphite) whether used wet or 
div; while the butt end of the handle 
is impiovised for thrusting in nail- 
used when mending up. The trowel 
even becomes a sort of rough gauge, 
for the moulder usually tests t lie close- 
ness of the joint of a pattern, or flask, 
or core, by attempting to thrust in the 
blade of bis trowel. If the blade 
passes in, the joint is open ; if net, there 
is not much the matter. Again, he 
marks the outsides of flasks with tin* 
trowel, chalking the .sides of the flasks 
and drawing li or d lines from one across 
to the other, and when the flasks are 
I finally closed for casting, the coincidence 
| of the lines indicates coincidence of the 
mould joint within. Again, for pressing 
down or “pinning** the joint edges ol 
| moulds, and so preventing crushing, the 
| trowel is always used, as it is for scraping 
1 out core prints when too small ftfsjdieir 
! cores, and for cutting vent channels or 
• gutter-, making good the joiuts of cores 
: and drawbacks, and for a fhultitude of 
■ kindled uses, i (l ; ig. ”11) show's the 
common form of trowel, averag.ng about 
r# in. long. This is called the “ square ” 
trowel, to distinguish it. from the 
“heart** trowel h . j illustrates a 

combination trowel called the “heart.** 
and “square,** which is used only as a 
touching-up and finishing tool, being 
made in smaller sizes tftan the other. 

The remaining figures represent tools 
which are nil used for cleaning, mending, 
sleeking, and finishing f moulds. They 
aro called by different names, though 
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their functions are essentially similar, 
the names being derived from the more 
especial uses to which they are applied, 
or to their fancied resemblance to com- 
mon articles, k is the “ cleaner,” a 
tool which ranks next after the trowel 
in point of general utility. Its long thin 
blade is used for cleaning and smoothing 
the vertical faces of the deep and narrow 
portions of moulds into which the trowel 
would not reach, for mending up similar 
Motions where the lingers cannot enter, 
tor boring hole* in inoiil Is for ch iplet 
stalks, and lor con* vents; while the 
turned-out foot, standing at right angles 
with the end opposite, is used for lilting 
out sand which has fallen into the 
bottom of deep in i row mould.. ]«»r 
mending up and making good damaged 
part* similarly situated, for pressing 
sand around cores alter they haws been 
placed in their prints, and for many 
similar purpose* beside*. The*e clc.mci s 
:ue made in widths of blade ranging 
from J in. to about 1 J in. t 

All the remaining tools (Fig. 21*2) arc 
finishing tools. Taking them in order, 
/ is a square corner ‘‘sleeker,” or 
“slicker,” or “slaker,” or “smoother,” 
and is used for sleeking the internal 
faces of moulds which stand at right 
angles with each other, m is a tool of 
the same character, but having one lace 
curved for sweep-. n is a head tool, 
used for sleeking the hollow* impression* 
left by heads. o is a hollow head, by 
which the rounding edges of moulds are 
finished, or those edges which become 
the “hollows” of the casting. All these 
are made in several sizes, large and 
small, as convenient. * ;/ is a spoon tool, 
the shapes of the bowks resembling those 
of spoons. They ai i. handy for finishing 
hollow work. The head tool r diilcrs 
from the spoon tools in being narrow, 
parallel, and quicker in curve. It is 
used for cleaning and finishing heads in 
circular and hollow work. // is a tool 
differing from tin* last in having square 
edges, which sufficiently indicate its 
use. v t/i x arc flange tools, being used 
for smottfjiing the bottqpi edges and 
sides of flanges and . flange-like moulds. 
yz are boss tools, s is a button sleeker, 


t is a pipe sleeker, and u a modifica- 
tion of the latter. All the tools in tins 
group are made in different sizes, and 
some in modified forms, and all alike, 
either in iron or in brass. They require 
to be kept clean, and fry from rust and 
dirt. For special work other tools 
besides the*e are made. The most con- 
venient box in which to keep these small 
tool* is a plain open one with a bridge 
of iron screwed across tin* top, by which 
to carry it from one part of the shop to” 
aiiotlmr, as inquired. — (In Ihs trie*,) 

Smiths* Work. — Though none but 

a professional smith could hope to 
unde! take elaborate works iu wrought 
iron and steel, yet many simple jobs 
can hedom* with a very moderate amount 
of practice, sm h as the bending, draw- 
| ing down, upsetting, shaping, and weld- 
ing of the plainer kinds of work. 

J xi a small shop, an ordinary forge 
would he rather cumbersome. Hence 
one of the small portable forges would 
be preferable to a mass of brickwork and 
iron, if it were not for the diflio*ilty of 
carrying otF the smoke. Jf the forge is 
to he in a closed building, there must 
be a hood an<l chimney. If, on the other 
hand, it could be placed without the 
building, piofccted by a Jean-to roof, a 
portable rivet or similar forge would he 
lighter and les* expen »ive. The circular 
bellows in Fig. *2l!l arc either of the 
single or the double blast type, the 
latter giving x continuous current of 
| air, but being also the more expensive 
of the two. Forges with Hi in. brflpws 
are the smallest made, and Other these 
i or Itf in. would be the handiest for a 
small shop. A light framework of bar 
iron supports the circular hearth. The 
circular bellows are carried beneath, and 
are worked by the handle, levers, and 
rocking shaft, 1 lie blast being conveyed 
through the bend pipe into the back of 
the hearth. 

The ordinary fixed forge is built of 
brick or stone. The hearth bricks 
simply enclose a hollow* space which is 
filled with cinders, and upon which the 
fire is laid. The hearth hack is of brick 
or stone, faced at its lower*portion with a 
plate of iron, through which the tuyere 
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pa.-ses, ami pierced .it its upper portion 
with a square hole leading into the 
chimney. The chimney need not he 
long, its function not being tin- produc- 
tioit of blast, hut only of a sutiirieiu y of 
draught to lead away the Miiohe. The 
face of t he heart’ll for a few inches m- 
\\aid from the edge-, is Usliaih eoveied 
with a sheet of east, or wrought iron, 
for the sake of pi oteetioii to the hi irks. 
Tw o trough'! occujty the trout of the 
forge a coal hunk, and a slake or watcj 
trough, the two otten being made in one 
casting. 

About the cheapest forge which ran 
he made is that shown m Fig. -14, and 
one which any amat»ur could construct 
at a low cost, and with very little 
trouble. It ( in he employed <»ut oi 
doors, or pined indoors under a bond 
and against a wall leading into a chim- 
ney. Angle irons tor the supports, flat 
bar iron tor the horizontal .dud* hr] 
and sheets for the hearth and o»al hunk 
are all that are required. The healing 
surface nt the angle lion will hup tin 
structure from rocking; hut if Ineir is 
any tunlencv to un Badiiio-s wlnm 
working tin- bellows, a diagonal hi an* 
on cadi flaming w ill prevent it. Tin- 
blast may be taken from long bellows 
placed underneath, and woiked by means 
of a lever handle, set com enientU behind 
the hearth hack, hut keyed to a rm king 
shaft which moves in hearings bolttd to 
the under side of the heart ii plate. Tin* 
rocking shaft passing thus nndei neat h to 
the front of the I urge art nates a level 
and connecting iod, completing the con- 
nection with the bottom hoard of the 
bellows. Or t lie blast can bo taken 
from a blower at tic- lank, either with 
single or multiplying gear. A small 
forge of this type may mea-ure out and 
out ‘Jb in. long, -U in. wide, and :»0 in. 
high. The angles may measure l£ in. 
X l£ in. X } in., the liar stretchers 
1J in. X i in., and* the sheets about * 
in. thick. 

The supplying of the blast is effected 
cither by means of bellows of circular 
or long p^ir-shapcd form ev by fans or 
by blowers, and in* the^e matters the 
purse and the convenience of the user 


would he consulted. Bellows are 
| worked b\ a handle and rocking staff, 

| and attached to the forgo, or distinct. 

therefrom, according to convenience. A 
; fan is preferable to bellows, and is 
j worked by baud or foot, or power, but 
! should he drn cu with mAlt ipl\ ing gear 
to get up the speed. In fact m ms a single 
fan woiked by a holt lr«.m the engine 
| supplies blast to a lange of forges; a 
throttle valve under the control of the 
j Muitli regulating tin- passage of the 
blast to e.u h forgo. N umbels of small 
lingo* are now sold very <hoaply fitted 
j with fail', or w ith [lout's Idow ors, so 
j that the- old fashioned leather liellows 
! worn to he doomed to ultimate extine- 
} tioii. A small fan i- shown in Fig.lilo. 
j 'I’lie cheeks A an- of i ast iron grooved 
j to a hare l in. do« p o, to take the strip 
of sheet iron or hi ass B, which is 
et incut ed in w it h w bite lead and clamped 
together With holts b passing bet W Cell 
tin- sides. The f.in .-pindle c is carried 
| in hridge-like heat mgs l>, bolted to the 
, >id*s ot the chicks, and the fan itself is 
, composed of dished sides of sheet iron 
1 hi tin K, between which the vanes d are 
, soldi red. Tin* dished tides are soldered 
| to bra*-* rings c, which run against the 
inner faces of the < necks. The vanes or 
J blades are also soldeied to the curved 
■ nli.; /, on the cential boss, made of gun 
| metal. The actual fan jei|uiros to be 
nicely balanced, ow ing to the high speed 
at which it rotate'.. Thu fan sides are 
each furnidied with a central hole t.o 
admit the ail. In-dead of flat. clicks 
t W'<> castings can he made vtitli curved 
outline,, and bolted together with a 
<onfr.il outside flange, in theCuanner so 
j familiarly known in foundry and other 
fans ; but this im-aus the making of 
two rather troublesome Jmlf patterns. 
The form of blade used in the common 
old fashioned fan is shown in Fig. ‘Jib, 
but it is noisy. It is easy to make, the 
blades revolving within the outer 
(-.wing, and as close to the sides without 
actually touching them .’is possible. 

By multiplying gear, we mean some 
arrangement, by which the proper speed 
of a fan can be imparted without ex- 
co&sivti labour at the hand wheel. A 
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hand \\ litjfl driving duvet to tin* l.iu 
pulley will do, Imt with multiplying 
gear smaller wheels ;i ml less work will 
filer t the same results. The perspectn e 
view (Kit;. 217) illustrates thk trear, 
the relative positions of the wheels 
varying as host a< la pled to the forge 
itself, and, of course, a treadle can In* 
substituted lor the handle. As drawn, 
the wheel A Would be to one side of the 
i ‘I’ge clear of the hearth, its heai mg 
l»ej in; bolted t) the lieartli hack, the 
he. n ings of the other w hot Is being holt e«l 
to the stretcher* underneath the health. ' 
TO in. would lie a «»nod si/e for the 1 
wheels A and 1*». Hinds are prefcialde ; 
to ropes running round grooved pulleys, J 
since the hitter propel !v requip* tighten- j 
ing gear for alterations in length due to 
tempi* rat u ip. 

There is also the tuyere or tue iron 
to he (oiisideivd, it.- function being the 
conveying of the blast to the fire. The | 
nose of a tuyere would rapidly burn j 
away, and does inevitably burn in tine; 
but its destmetion is retarded by the 
formation of a water chamber behind 
and around it, a turn lit of cold water j 
being nude to emulate by convection \ 
w i th 1 11 a conical t ylindor through which ! 
the blast pipe passes, t ho whole being | 
nl inched to a cistern or “ w f at»T ho-h.** | 
Kig. 218 shows this, the mme modern j 
type, in section, and Kig. 21 it a section I 
of the older tue iron, made either in j 
cast or in wrought iron. These are j 
illustrative, however, of the tup res used 
for large forges; hut the small forges 
here figured me not pro\ ided with a 
water tuyere, because^ they are not 
subject to so tierce a heat as those of 
larger dimensions, and they are used 
inf ernnlteutl x . The uo/zle whudi re- 
ceive* tin* blast jape is, therefore, 
simply thickened up in these cases, and 
the boss piece is cast in one with a back 
plate, and thus boiled to the hearth 
kwh, so as to bo readily renewable, ns 

ia ligs. 2 to, 2 It. 

The firing tools are the poker (Kig. 
220), the slice (Kig. 221), and the rake 
(log. 222 A ladle is if Iso used for 
lift u »g water from the slake trough for 
the damping down of the fire. 


j The anvil (Kig. 22;»), of wrought iron, 
i steel laced, is often supported at its 
! proper height — about 2 ft. — on a block 
1 of wood, having spikes driven in at the 
i corners to keep tin* anvil in place. A 
much neater and better w|7y is to have 
a hollow standard of cast iron (Kig. 224) 
furnished with ledges for the anvil, and 
with holes at the side? for clearing out 
tin* sr.ik aud dust. Such a casting is 
easily made fiom a pattern by coring 
out, gix ci h 1 "s recoil than wood, and looks 
m-.ir. Anxils weigh from a kxv lb. to 
4 ."> exxt., one of 2 exx t. being of suitable 
s i/o lor light work. The conical end is 
called the “ heal,,” or “hick,” the steel 
top the “lace,** the body the “core.** 
There i* a square hole, or sometimes 
two square hole*, in the face to receive 
the anvil cutter and the various bottom 
took. 

Of tin* large number of tools of dif- 
ferent shapes employed by smiths, those 
which are in most constant request are 
the hammers and tongs. After these 
coiiie the different sets, swages, fuilers, 
and flatters. A smith who works alone 
is vastly more limited iiitlie number of 
tools which he can employ than one 
who has a striker t * assist him. When 
a man is holding his work xvith the one 
hand aud tin* hammer with the other, 
he cannot be holding top swages and 
tlatter.s and sets as well. Hut when a 
two-handed jol is required, help can 
usually he obtained. 

Of hammers there are two principal 
types, each varying in weight and s1iAp^ >t 
the hand hammer (Kig. 22. I V) and the 
sledge (Kigs. 22b, 227). The former 
weighs 1-1 lb., the latter about 4-14 
1 lie A hand hammer of 2-!» lb. weight. 
■ is useful for general work, the lightest 
hammer, about 1 J lh., being chiefly used 
j by the smith to indicate to his striker 
at wiiich points to direct bis blows, the 
heavier hammers for drawing down and 
forging light works. The lighter 
sledge^ are used “ up-handed,” that is, 

I for lifting and striking in a circular arc 
! simply, over the* work. The .heavier 
i ledges are swung in a copiplete circle, 
or “ about sledge.” The handles of each 
of those hammers are made of ash, \yell 
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spoke-shaved, and smoothed with g1a>s j 
jmper, and are wedded with a .single 
wood wedge, as shown in Fig. 228, 
wedeffcs of wood being less likely to woik 
lon'»e than those of iron. 

Taking th^ \arinus tongs in order j 
(Fig. 22H), we have A and 1» tin* flat 1 
bit tongs, having il.it parallel jaw-, tin* ! 
width of opening of the jaws being 
greater in tbe “open month ” A than 
in tlie “ rlo-e mouth ” 1» - the former 
being used for thiek. the latter for thin 
work, but cm h being sinnlaily used mr 
tb fl jturpo.se of grasjdng flat iron bars 
and sheets. The piucel* tongs (’ are 
made in two forms, the fir-t being 
simply concave in tin* jaws. Ihcsetond 
\eed a-, shown, the function of e.n h 
being the grisping of round, mju.-uv, or 
hexagonal bars. The hollow space be- 
hind tin* jaws allows of collars and 
smnlar expansions on forged wank being 
cm lnsed thereby. 1> arc tongs ot 
similar type, but mole widely useful, 
because longer and more enlaiged be- 
hind the jaw The “ crook bit tongs’* 

K are very common, and are made in 
\ -ti ions si/es, t In ir peculiar shape per- 
mitting of a bur of ir*»n passing down 
by tin* handles, while the lip on one 
jaw senes to retain the bar in place. 
The “ hammer tongs” F grasp puiu lied 
work, enteiing into the punched lodes. ■ 
The “hoop tongs” <i are lbr holding ■ 
rings of thin metal. H are “bolt « 
tongs *’ for grasping bolts or rings of 
roiijjd bar iron. 1 J aie two forms of 
•pliers.” ^he latter being in constant ; 
use for general light work, picking up 
light mdp, punches, duf’N. hardening 
ami tempering tools, etc. K me 
‘‘hollow bit tongs,** made in many sizes 
for holding roils of circular «•»■ other , 
sect ions. While I. and .M are “ tlat 

tongs,” tw r o of the com mom r modiliei- ; 
t ion’s of the last ty|»e, and al »•> made in 
several si/es for giaspmg flat bars of 
different, widths and thicknesses. The-e 
embraeu the principal types of tongs, 
hut like many other tools, they rapidly 
iriereasfc in numher, and a single forge 
will have 20*50 pairs of different si/es 
and in various modifications. 

All tongs are made to grasp their 


work by means of a “ coupler” embrac- 
ing the handles or reins (Fig. 220 H), 
and just tapped over with a hammer 
until they tighten themselves, so that 
t he smith has only to tin n t lie longs and 
work about, the coupler maintaining a 
firm bold of the jaw T s on the work. 

For cutting off bars, rounding edges, 
and rough divs-i»g of forgings to 
shape, the chisel-, or “ sets,” and the 
gouges are employed. First there i.s 
the anvil i niter ( Fig. 2->0), w ho>e shank 
drops into the square hide in the anvil. 
In-fine mentioned. The i lii-et edge 
being thciclore uppi-imosf, when a bar 
of cold n «»n is jd.ic«*d acioss it and strin k 
with the hammer, the bai being rotated 
t he w bile, the latter is nicked < ireularly, 
and may then ho easilv broken across 
the edge ot tin* anvil, the hart urc ap- 
peal mg of a < r\ talhm* chaiacter. The 
“ Jiot *’ and “ i old " .sets (Figs 2b 1, 2:’, 2) 
aie also chi-ol-likc tools, the difference 
in these consist ing in the angle at, w Inch 
t hex arc giound, the “hot set’* being 
ground thin, the “cold M*t ” relatively 
thn k. and u-etl. as their names imply, 
for cutting bais hot or cold. Thc-< me 
handled in a similar fashion to hammers, 
or on withv rods or rods of iron, the 
sketches iudiiatiiig both forms, and the 
modes of h.iiulling apjdx ing lndiHcrent lv 
to cither. Tools like Figs. 2'k>, 2-14, 
d i tier only in rcsjjcct t their width and 
radii, then edges being curxed to various 
sweeps for ciitt ing correspond ing out lines 
on red hot iron. These “ gouges ” or 
“boll »\v sets ” are struck bv the sledge, 
the smith holding the tool by the withy 
handles, while the striker diicets his 
blow.- on the head. Tin* bevel is i it her 
inside or outside; and when cutting 
through a thick mass of non, it. is 
necessary to withdraw them occa-ioii- 
allv, and di]> them nionieiirnrilx in 
water t<> j»revent softening and lo-s of 
temper. # 

I 1 (.‘sides these there arc a large nmn- 
! her of non-cutting tools of dilVerent 
| forms. t'hief among the-e is the 
1 “fuller,” used, as its name imjdic<, for 
“ fullering 9 * or djawing do*vn iron in 
a series of grooves, for welding, or for 
• obtaining a tlat. surface, or fur produc- 

\ 
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ing a, starting point from whirh to 
bend a bar. A “top fuller ” is shown 
in Fig. 235, A, a “bottom fuller ” or 
“anvil fuller ” at T», the latter resting 
by its shank ovu* the anvil hole, tin* 
former being handled hanunerlike, or 
by withes. The top fuller may be used 
while the bar rests upon, the au\il faee, 
or the bar may rest upon the bottom 
fuller and be struck by the hammer 
above, or the bar may be drawn down 
between the top and bottom fullers, 
the upper one being struck bv the 
sledge while the bar is mo\ed into 
successive portions until the iron is 
thinned or t.iperel )*y a seibs of 
grooves. The “ mekmg fullers ” ^Fig. 
2 55) are made in various sweeps, an l 
they fulfil the same purpose for circu- 
lar shafts and rods that the others do 
for flat bars. 

To finish plane surfaces, the “ Hatter’' 
(Fig. 233) is employed. This is also 
struck by the sledge, and finishes or 
flattens the surface, icmoving the un- 
even ridges and indentations left by 
the hammers and fill lei mg tools. 

The “swages'* form also a very 
large family in themselves. They are 
so termed because by their agent \ 
work is “swaged ” or drawn down and 
made to assume definite outline corres- 
ponding with the shapes of the swage-. 
These are, therefore, dies in prim ijde, 
because the work can only assume the 
shapes given to the swages, l'eilig also 
used in pairs, one top, one bottom, 
they are commonly called “ top ant 
bottom tools.” Some shapes are gi\cn 
in Fig. 237. A are bottom swage*, 
that is, they fit by their square shanks 
into the hole in the an\il lace. The 
shape, of the corresponding top swages is 
seen at I*. The ordinary shapes are the 
half-round, the vend, and the he a agon a], 
each being required in different sizes. 
Fig. 238 represents t a swage block for 
a heavier class of work, the various 
sectional forms around its edges 
answering the purpose of bottom 
swages. is conveniently laid upon 
a cast iron stand, similarly to the 
anvil, on which stnu d it can also be 
laid flat in order that the central holes 


| shall fulfil the functions of “heading 
| tools,” that is, of tin; type of Fig. 244, 

! for finishing the square shoulders of 
bolt heads and similar flat expansions. 

| The top and bottom swages are fre- 
quently united in one with a bent rod 
of iron, which serves to keep them in 
line, and becomes a convenient handle. 
They are then turned “spring swages,” 
or “ spring tools” (Tier. 230). 

There an* three modes of handling 
tools cmph>\i*.) bv smiths. The lirst, 
just now refcired to, of w'edging the 
hammer head last in tin* shaft. Th.* 
.-ec<uid, that made use of with some of 
the sets, gun ires, fullers, and flatters, 
iu'wlmh tin* handle is simply thrust 
through nu eye in the tool without anv 
attempt at wedging, the reason being 
| that tln*ir constant *and almost ilose 
| contact witli red-hot iion would cause 
! w edges to work slack almost directly, 
i lienee the .smith, previous to using 
: i itluT of thesy tooh, usually strikes 
, flu* butt end of the shaft on the $nvil 
I to tighten tin* head. Lastly there is 
! the method of fixing by hazel rods. 

These are straight, hazel sticks about 
1 J-J in. in diameter, twisted round the 
necks of tin* tools (i igs. 235, 237), the 
. elastic, worn! preventing painful jarring 
! and blistering of the hand of the smith, 
j Jiefore being bent, they are soaked in 
; water and steamed over the fire, the 
j operation being alternately repeated 
j until they are Miflieientlv pliable to 
i bear bending and twisting, but sot 
| Inking more than a niiniiti*. or two* 
j The paiallel rods are united perina- 
! licntly by a coupler, and Jrte never 
! taken olf tin* tools except when they 
need renewal. Very often it is the 
practice to substitute iron rods for 
those of wood, as being more durable, 
the rods being bent in the same manner. 

! A hook wrench (Fig. 240) is used for 
giving a slight amount of torsion to 
j flat bars while red hot, which have 
become twisted or winding in the 
j process of forging. Fig. 241 may be 
taken as a type of the punched which 
are employed for piercing Wiles through 
red-hed iron, and Fig. 242 of the drifts 
for enlarging and making them paralkd, 
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the work being laid upon a bolster As a simple 1 example of the practice 
(Fig. 243) the while. Fig. 244 is a of forging, take the connecting rod 
heading tool, of w hieh there are several (Fig. 24f»), one with a forked end 
sizes used for shouldeiing the heads of being purposely chosen as being morn 



bolts and rivets, or any work provided complete for pttiWses of illustration, 
with collars, though where a collar is This could obviously be mad tv. by build- 
wedded or otherwise formed on the ing up —that is, the enlargements at 
centre of a bar, collar swages are often the ends could he welded on a bar of 
used in preference. the diameter A; or by swaging down. 
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in which the diameter A would he 
hammered down from a bar of the 
sizes 11 or C of the larger ends; or 
by jumping up, where the ends would 
t»e beaten up or u upset ” oil a bar of 
diameter A. Or it can be made by a 
combination of these processes if a bar 
of medium dimensions only is available. 

Say wo have a piece of bar of th^ 
dimensions A ; we can get. on very well 
with that. We build a fire in such a 
way as to obtain “ a solid core of heat ” 
— that is, we have a certain portion in 
front of, but away at a distance of a 
few inches from the tuyere, intensely 
hot, and for the time being open above, 
but flanked at bark and front with two 
masses of wetted hard-caked small 
green coal or “ slack,” which partially 
confine the heat (Fig. iMd), and form a 
reserve supply for t he incandescent 
mass; and the larger the forging the 
larger the reserve of “stock.” Putting 
that portion of the bar which requires 
to he heated — in this case the end — 
into the centre of the fire, cover it. over 
with a mixture of stock ami new coal, 
so as to enclose it completely, localising 
the heat where required by keeping wet 
coal over the portion which is not. to 
he heated. Then the blast is put on, 
«*md the heat is enclosed and intensified 
around the bar. The bar, especially if 
large, is to he turned partly round in 
the fire now and again to equalise the 
heat, the blast meanwhile hollowing 
the fire in the immediate vicinity of 
the har; now and then, also, it will he 
partly withdrawn in order to he sure 
that it does not get hi trued. The heat 
at which it should get taken from the 
fire varies with ciicmnstanees, a full, 
red heat being suitable for ordinary 
forging ; while lbr jumping up, and 
welding, the iron should* be white hot, 
and just beginning to throw off vivid 
sparks. Beyond c fhis temperature it 
becomes burned and spoiled. When the 
har is at the white hc4t, it is removed 
from the fire by mpns of hollow hit 
tongs and transferred the anvil, 
whence we will follow the process 
through, remembering that in smiths’ 
work the whole manipulation must he 


foreseen from the beginning, and the 
tools all he at hand, so that there shall 
he no hesitation and loss of time and 
heat. We will first suppose that the 
hollow of the forked end is to he slotted 
out. of the solid, and thAi, for further 
illustration, we will assume that the 
hollowing out is to he done at the 
anvil. 

While at a white heat wc shall 
“upset” the iron in order to obtain 
sufficient breadth for the forked end, 
and to do this a short heat only will 
have to he taken on the end of the ba v . 
Thus if the length of the forked portion 
(’ were o in., the end of the har would 
he heated only to a length of 7-8 in. 
if more length is required, two suc- 
cessive heats should he taken. That 
portion of the har, then, which lies 
beyond the part which has to he upset 
will not become bent or otherwise dis- 
torted during the upsetting process, 
but remain rigid. The upsetting is 
performed either by jumping tli£ har 
heavily end on to the anvil, the hot 
portion, of course, being downward 
(Fig. -47), hence also called jumping 
up, or it is hammered with the sledge, 
swung in a ncarh horizontal are, the 
smith holding the bar horizontally on 
the anvil with the tongs, or a heavy 
cast-iron monkey (Fig. L'48), suspended 
by a chain, is swung heavily against 
the end of the bar. 

When the amount of jumping up 
which is required is slight, the .first 
method sulliccs; for heav^ work th»i 
latter plans are adopted. Upsetting 
reduces the length and increases the 
breadth and thickness, and the enlarge- 
ment, being very irregular in outline, 
must needs he made considerably larger 
than is actually required. At the same 
time, since the jumped mass will be of 
a rudely circular shape, being simply 
an expansion of the shape of the bar, 
a rough outline of the shape finally 
required must he imparted to the end 
by hammering, . the hammering and 
upsetting alternating, so that 'idle iron, 
still retaining its heat, vis hammered 
approximately level and square on foul 
sides, forming a rectangular block or 
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lump lit. the end of the round bar, 
its extreme dimensions being slightly 
larger than the out and out dimensions 
t*l' the bosses n. By this time it. will 
probably have lost must of its beat, and 
nil) go bark 4° ibe Ini* to be made 
nearl) as hot as in the fir>t. place. By 
means of the fuller first and the flatter 
.ilterward, the hollows around the 
lies « , and tin* lints h will be set down, 
and . iniil.irl v the llats <•. '1 be outride 

*i < 'Uiiding of tin* bos"i>s will be imparted 
by nil line oil* a poitioii of the coinms 
with allot set, then hammering with 
an ordinal y liammer, and smoothing oil* 
with a top swage slruik by a sledge, 
'file whole of t be bhu k dimensions will 
Teinain when finished a tulle over the 
bright finished sizes, to give sullh ient 
allow. ‘lure for machining. The l mind- 
ing oil at d is first ludely cut with the 
lo-t set, or with a gouge tool, tin* beads 
'<»! those tools hemp struck with tlie 
pledge. The angularities will be beaten 
down rapidly witli * be hammer, and a 
l"p aftd a nicking swage of suitable 
< urves will be used to impart a finished 
<mt line. 

The bar wiP now go into the fire 
ngain, and the hc.it will be taken over 
it extending from the fork to about the 
centre, A nicking fuller mav he used 
to shoulder down the square bar to a 
titular section just where it departs 
from the forked end, or if the bar is 
Mn.ill it may be simply hammered at 
tlie angles with a band hammer or 
sludge. 'When the diameter is roughly 
reduced dowfn to the required si/e next 
the fork, t ^* original size remaining at 
Ihe centre, it will be readily finished 
by swaging, the proper allowance being 
Jolt for turning. This need not oerupv 
^inore than one heat. The other half of 
tbe rod can be swaged down in another 
beat. Then there remains tbe stub 
end B which has to take the strap, aud 
♦liis will be jumped up in a short heat 
similarly to tl^e forked end, finished 
with the flatter, and peatly fullered 
down around the neck. * 

In this illustration we have supposed 
the apace between the fork ends to be 
blotted or* drilled out of the solid. 


But if the forked ends were, so wide 
apait'lliat tlie slotting or drilling out 
of the interspace would be considered a 
lu'Hxi task, or if tlie end were that of a 
mugh h-\ « r ctr pump rod which would 
iml pay f»»r machining, tbe forks would 
he 1 urged as follows: Jf the width of 
tbe bar we re loss than twice* tbe thick- 
ness of < .icli fc*ik, it would first require 
to be jumped up until its width were 
somewhat more than twice the thick- 
ness— -that is to sa> . if tbe folks were 
} m. thick, tin* width of tbe bar should 
be rather more than Him, say 1 j in. 
or - in. As bcfoie, a short beat, is 
thou taken, extending no farther than 
just br\ond tbe shoulder. Tbe Hat 
poiimu is laid on tlie anvil, and divided 
Hi lough the cent ic with a hot set, 
cutting first from one side, then from 
the other, and meeting in tbe centre. 

Sometimes a bob* is first punched 
at the h< (torn of tlie hollow. Once 
divided, it is i caddy opened out first 
to titc V-shape (Fig. 'J4‘.l), then the 
hollow is tunned by jumping ami hiun- 
nieung ovei a bottom tullei of consi- 
derable breadth and depth (Fig- 250), 
sometimes termed a dresser, or joint 
dresser, until a rough outline of the 
bifurcation is obtained. Then the more 
exact outlines and thicknesses me given 
in a second lieat. by judicious hammer- 
ing, and finishing, partly over the 
dresser, partly on the flat overhang of 
the anvil, if the space between the 
folks is suHu ient to permit of this. 
Fmallv, when the shaping is done, the 
forks must, be tried for parallelism with 
the axis of the b.y, and if out of truth, 
they will be set over with the hammer. 

It is easy to see how a dilVerence in 
relative proper ions would modify the 
method of making which ought to be 
adopted, aud s.nce our connecting rod 
is selected, no*. as of any particular 
size*, but illustrative only of dilferent 
methods of forging, v^e will now' make 
it the med nun of. sundry remarks in 
reference to the prietioc of welding. 

Upsetting is hai^l work when the 
quantity of inftal U\ be upsetflis large, 
and paiticularly so when done without 
the aid of a monkey, or in the absence 
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of a massive plate which is frequently [ 
*unk ill the floor for the same purpose. 
Welding is, therefore, much easier in 
certain instances. But the stub end B 
(Fig. 245) is not so much larger than 
the original size of the bar in the 
centre; therefore we may upset that 
very well. Also, when the sum of the 
widths of the two forks is little more 
than that of the original bar, and the 
forks are forged as m the la«t example, 
we may accept the jumpicg up method 
as being pricticable. Moreover, in the 
first instance described, we upset the 
bar on the supposition that, though the 
olid was solid, it was not of great, 
width, and this would al-o be applic- 
able to the on Is of many light levers. 
But assuming the end were both solid 
and wide, measuring, say, over the 
bosses ff or 4 times the diameter of the 
bar in the centre, welding then would 
be preferable, because involving less 
labour. 

When making a weld, there are* three 
points to he borne in mind: to hare a 
joint of sufficient, area, and in suitable 
direction for hammering up; to have 
the necessary temperature ; and to be 
sure of perfectly clean surfaces. For 
the first condition, a scarf joint, that is, 
onerunning diagonally with the common 
axis of the pieces to be shut (Fig. 251), 
is to be preferred, and is, therefore, 
commonly employed when practicable. 
Wheu a scaif joint cannot he u^ed, a 
veed or cleft joint is suitable. When 
that cannot be employed, a spreading 
joint, made bv fullering down a portion 
of the bar, is resorted to. A plain 
butt joint, except when toe abutting 
surfaces are of large area, is seldom 
used ; blit flat surface flints are com- 
mon. The temperature for welding 
iron is that just now referred to, when 
the iron begins +o sparkle, and to drop 
olF in globules, for sty cl, the tempera- 
ture is lower, ha rely /approaching to a 
white heat. Different qualities of iron 
and steed require /different degrees of 
heat, nnd the temperature in each case 
become ^'matter rtf experience. When 
the ends to be welded arc taken from 
the fircj any scale adherent to the sur- 


face must be detached by striking the 
bar smartly on the anvil, joint face 
downward, or by sweeping away the 
scale with a muck brush. If auy 
persistently adhering scale remains on 
the f.ices, the shut should not be made. 

Fractures occur sometimes from this 
reason, the weld being perfect near the 
edges, but faulty in the centre. The 
joint surfaces are usually dusted with 
sand, but tbit is not so essential as it is t 
sometimes stated to be, provided the 
scale is removed in the manner stated, 
for numbers of ordinary iron shuts are 
made without it. The weld is made 
immediately that, the faces are brought 
into contact, by rapid hammering, every 
second at the welding heat being of 
vital importance. When closed to- 
gether with the hammer, the joint of a 
good weld should not be visible, the 
presence of a black line indicating that 
the shut is imperfect. If during ham 
mormg the bar becomes reduced or 
drawn down below its proper size, dia- 
meter, width, or thickness, as the case 
may be, it must be slightly jumped up 
to thicken it sufficiently, and then 
swaged circular, or smoothed with the 
flatter. Iron and iron are easily 
welded, so are the milder varieties of 
steel ; hut some hard aud brittle steels 
require tact and practice to weld pro- 
perly, and some, if heated over a cer- 
tain temperature, crumble under the 
hammer. 

In a connecting rod, the cotter way 
in the stub end is usually drilled nad 
filed out, but in many instances cotter 
ways and holes of other** shapes are 
punched and drifted, cither to save the 
labour of drilling previous to filing 
through, or as being suitable enough 
for tlic purpose which they have t<> 
fulfil. Before punching, the iron is 
brought to a welding heat, or nearly 
so, laid upon the anvil, and the punch, 
struck with the hammer, is made to 
pass half way through, from one face. 
It, is then knocked back, the iron turned 
over and punched from this opposite 
face, the holes meeting therefore, in 
th.e middle or thereabout.. Then a drift 
is inserted »i the hole, mid either 



ilETAj, Wotttf. 


2X0 


driven half way in from each side, or' 
right through, according to circum- 
stances. While t lie drift is still in 
place, opportunity is taken of giving a 
rough kind of finish to the exterior 
outline. PuncNK and drifts heroine 
ml hot, and soften and hend if they , 
remain more than a few minutes in ; 
contact with the iron, so that it ir> | 
necessary to remove them once or twice | 
fyom a deep hole aud quench them in 
water. l*unche» and diifts are usually 
picked up with t lie pliers, though the 
fonwer are sometimes finished with 
withy handles. They are circular, oval, 
or 1 octangular in section, the dilh-reme 
being that while a punch is tapered, a 
di ill is parallel for a considerable por- 
tion of its length, and tapers only 
toward the end. 

When bending work, various devices j 
are resorted to. A turn-down edge at I 
right angles would he bent over the 
edge of the anvil, the flat of the bar 
lying horizontally across the anvil, the 
smith grasping the tongs, and steady ing 
them against his leg to resist the force 
of the endlong blows. The bar is fre- 
quently nicked across slightly with a 
fuller previous to bending, and the 
fuller, having a circular section, does 
not divide the fibre as a set would do. 
Eyes or rings are bent around the beak 
of the anvil, whose tapered outline 
permits eyes, rings, loops, and curves 
of many different diameters being bent. 
Eig. 252 shows the method of welding 
a and an # eyc. Kings of large dia- 
meter are finished on the conical man- 
drel (Fig. 4l« r >d). Small rings are 
finished on a parallel bar or mandrel of 
suitable diameter, the bar remaining in 
place while the outside is finished with 
patters or swages. When eyes are 
being bent, or other work being per- 
formed on bars of considerable length, 
the trouble of supporting the opposite 
«*nd is saved by driving a rest (Fig. 
|h>4) into the ground, and placing the 
bar in the hollow. 

When dding forging, it is necessary 

take measurdlnents Tapidly— not an 
easy task with hot iron. Hence, gauges 
iiotehwl to different sizes are made of 


sheet iron, say J in. thick, the size of 
each notch being stamped above it, Fig. 
25f> being a gauge for round, Fig. 250 
one fur lint bars. — (KntjUsh Met hanic.) 

Tools, keeping in condition. 

— The following hints may he found 
useful, e^jx-ti.illy in amateurs’ simps 
where tools are not always in use: — 

Wooden paits. — The wooden parts of 
tool,, sm h as 1 he storks of planes aud 
handles of chi, els, are often made to 
have a nice appearance by Flench 
polishing; but this adds nothing to 
their durability. A much betttr plan 
is to let them soak m linseed oil fur a 
week, and rub them with a cloth for a 
lew minutes every dav lor a week or 
two. 'Dus produces a beautiful surface, 
and at the same time exeits a snlidify- 
| ing .mil preserving action on the wood, 

lion part*. — llust j»re\ cut he*,. — The 
following recipes are recommended for 
preventing rust oil iron and steel sur- 
faces:-;. 

1. Caoutchouc oil is said to have 
proved etlicient in presenting rust, ami 
to have been adopted by the German 
army. It. only requites to be spread 
with a piece of tlannel in a very thin 

| layer mer the metallic surface and 
allowed todiv up. Smh a coating will 
atbird secuiity against all atmospheric 
influences, and will not show any cracks 
under the microscope after a year’s 
standing. To remove it the article has 
simply to he treated with caoutchouc 
ml again, and washed again after 12-24 
hours. 

2. A solution of* indiaruhber in ben- 
zine has been used i#>r y ears as a coating 
for steel, iron, and lead, aud has been 
found a simple means of keeping them 
from oxidising. It can be easily applied 
with n brush, and is easily rubbed off. 
It should be made about the consistency 
of cream. 

3. All steel articles **an be perfectly 
preserved from rust by putting a lump 
of freshly-burnt lime in the drawer or 
case in which they are kept. If the 
things are to be # numd, as a gun in its 
case, for instance, put the lime in a 
muslin bag. This is especially valu- 
able for specimens of iron vIhm^ frnc- 
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tured, for in a moderately dry place the 
lime will not want renewing for many 
years, as it is capable of al^orbing a 
large amount of moisture. Ai tules in 
use should be placed in a bov nearly ] 
tilled with thoroughly - slaked lime, j 
Before using them mb well with a J 
woollen cloth. 

4. The following mixture forms an j 
excellent brow n coating for preventing ( 
iron and steel troni rust: Dissolve *J j 
parts crystallised iron chloiide, anti- I 
mony chloiide, and 1 tannin in 4 of , 
water, and apply with sponge or lag, ! 
and let dry. Then another coat of ! 
paint is applied, and again another it ( 
necessary, until the colour becomes as J 
dark as desired. When dry it i^ unshed j 
w T itli W'ater, allowed to dry again, and ; 
the surface polished with boiled linseed j 
oil. The antimony chloride must he as j 
nearly neutral as possible. j 

f>. To keep tools from rusting, take 1 
J oz. camphor, dissoDe in 1 lb. melted j 
laid ; take oil the scum and mix in as j 
much fine black-lead (graphite) as will 
give it an iron colour. (Mean the tools 
and smear with this mixture. After 
‘J4 hours rub clean with a suit linen 
cloth. The tools will keep clean for 
months under ordinary circumstances. I 

0. Put 1 qt. fiesh ly-slaked lime, J lb. 
washing soda, £ lb. soft soap in a bucket 
anil sufficient water to cover the arti- 
cles ; put in the tools as soon a* pos- 
sible after use anl wipe them up next 
morning or let them remain until 
wanted. 

7. Soft soap with half its weight in 
pearlash, 1 oz. of I mixture in about 
1 gal. boiling water, i~> in everyday in* 
in most engineers* shops in thediip- 
cttns used for turning long articles 
both in wrought iron and steel. The 
work, though constantly nn*ist, does 
not rust, and bright nuts are immersed 


polish effectually, and may he readily 
rubbed otf. 

t). To protect metals from oxidation, 
polished iron or steel for instance, the 
requisite i*. to exclude air and moisture 
from the actual met all jfv surface ; there- 
foie, polished tools are usually kept in 
wrappings of nil-cloth and brown papei, 
and, thus protected, they will preserve 
a spotless fan* for ah unlimited time. 
\\ lien these mct.iU come to he of 
necessity exposed in being cornel ted to 
u-e, it. is necessary to protect them l»y 
means of some permanent dressing,, and 
boiled linseed oil, which proves a lasting 
covering as it dries on, is one of the 
best presprvati\es, if not the best. But, 
in order to give it body, it should be 
thickened by the addition of some pig- 
ment, mid the wry best, because the 
most congenial of pigments is the 
ground oxide of the same metal, or in 
plain word*., rusted iron reduced to an 
impalpable powder, for the dressing of 
iinu and "ti el, which thus forms the 
pigment or oxide paint. 

in. Slake a pi»*i e of quicklime with 
just water enough to cause it to crumble 
in a covered pot, and while hot add 
tillow to it aim work into a paste, and 
in* this to cover over bright work; it 
can he easily w iped off. 

1 1. Olmstead’s varnish is made by 
melting ‘J oz. rosin in 1 lb. fresh sw'eet 
lard, molting the rosin lirst, and then 
adding tin lard and mixing thoroughly. 
Tins is applied to tiie metal, which 
should le warm, if possible, and ^*r- 
fect ly cleaned ; it is afterwards rubbed 
off. This has been wel Improved and 
tested for many years, and is especially 
well suited for planished and Kussiau 
iron surfaces which a slight rust is apt 
to injure very seriously. 

Ku^t lb-movers.— (1) Cover the metal 
with sweet oil, well rubbed in, and 


in it for days till wauled, and retain 
their polish. 

8. Melt slowly together G-8 oz. lard 
to 1 oz. rosin, stirring till cool ; when 
it is semi-fluid it is ready for use. If 
too thn?K, it may' be let down by coal- 
oil or benzine. Itubbed on bright sur- 
faces ever so thinly it preserves the 


allow to stand for 48 hours; smear 
with oil applied freely with a feather 
or piece of cotton wuol after rubbing 
the steel. Then rub with unslaked 
lime reduced to as fine irpowder a* 
possible. (*2) Immerse* the article to 
he cleaned for a few minutes, until all 
the dirt and rust is taken oify in a 
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strong solution of potassium cyanide, 
sav, al>oii t \ o z. in a wineglassful of 
water; take it- out and clean it with a 
tooth-brush with some pa.stc composed 
of potassium cv.un h*, insti’o soap, 
whiting au l water mixed into a paste 
of aliout a consistent y of thick cream. 

MUSICAL INSTRUMENTS. 

(iv. 2?it ::oo.) 

Take an oat culm or the culm of any 
other cereal still green, having a knot at 
one end, and the other end 1V« e, and make 
a simple longitudinal im Lion in it 
(.i I’lg. -.> 7 ). On blow ing in tin* tiee en i, 
there will be obtaine l a sharp, stiident 
sound, somewhat lecallmg tin noise 
made by large grasshoppers, if eare be 
taken to pro luce the sounds at ilose 
enough intervals. 

]f a piece of iced be so cut as not to 
damage the membrane that lines the 
interior h y an I one sings in one of the 
ends of the indrument, the exact' sounds 
of t he reed pipe will be obtained. 
There is no need of cutting both sides 
of the reed. One will sutlice. On 
putting the reed crosswise in the mouth, 
in such away that the membrane comes 
between the lips, and on singing through 
the nose, the dlect will remain the 
same. 

The union of several reeds or other 
tubes, one alongside of the other, the 
lower end closed and the upper open, 
will give a mouth organ t;, upon which 
little airs may be played if the tubes 
are attuned according to the gamut. 

To make a llagec^ot, selcc t a smooth 
willow branch of the desired length, and, 
after bevelling oil' one end, remove the 
baik. Then put the bevelled piece back 
in place after properly cutting it so as 
to allow of the passage of air. Next, 
with the remaining cylinder of wood, a 
pi-don is made and inserted in the tube, 
it is clear that the deeper the piston is 
inserted, the sharper the sound will 
become. With a little skill and patience, 
it will become easy to play various airs 
with thfts instrument. * 

The manufacture of the hautboy is 
based upon the same principle of decor- 


ticating wood which is in sap, but it 
differs in construction. Here it is neces- 
sary to take a branch of willow • or 
other tree, about 1J in. diameter anti 
it. long, and cut a spiral in it d m 
After tin* hark has Jjvoeii peeled, the 
spirals are wound around each other 
in Mich a way as to overlap them slightly. 
In this way there will he obtained a long 
cornet, the back spiral of which is fixed 
by a tln-rn c. Ne\t, a small branch, * 
in. di. Hinder, L p« elecl, one of the sides 
on the two opposite fan's is thinned, the 
tiiiu edges thus obtained are slightly 
juxtaposed, and the uncut end is intro- 
duced into the hautboy. When this 
instrument is blown, a u*ry loud soun l 
is obtained, recalling th.it of t he haut- 
boy or bassoon. 

A cheap pitch pipe 7 may be made as 
follows : Take a small glass or metal 
tube about $ in. diameter, or oven a 
pieee of reed or a cardboard tube, and 
introduce it into a small cork to a depth 
of I^f in. by means of a small rod of 
ineasuied length. This makes a‘u exeel- 
lent pitch pipe, wlmh, according to use, 
gi\es the medium l « 3 note of the female 
voice, of the centre of the piano, and 
nearly the second string of a well tuned 
violin, if ut A he preferred, make the 
tube about 1J in. deep. 

h i represent the cricket known to 
schoolboys, it is made with a nutshell 
and a stick held by a twined cord. 

Following is a method of making a 
very simple reed pipe: Take the card- 
hoard cover of a package of cigarette 
paper and make two «|fertures 111 it, 
facing each other and j ^in. diameter 
Leave one-half of the paper within 
close the covers l , and play as with aw 
ordinary instrument of the kind.— (L f J 
Nature.) 

»■ 

Packing! and Storing. 

(iv. 23-40.) 

Acids. — (a) The use of liquid car- 
bonic acid contained in steel bottles, 
introduces a certain element of danger, 
to minimise which Fleischer bus devised 
a safety crate for such bottles, as illus- 
trated in Fig. 2 08. Carbonic frid is 
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Safety crate for carbonic acid bodies, 
generally compressed ia steel bottles to 
a pjjessur# of about 100 'atmospheres; 


but the pressure depends so largely 
upon the method of tilling and upon 
the temperature, that it cannot be very 
strictly defined. It. is therefore neces- 
sary to have a large margin of safety, 
and before putting a bottle into use it 
is generally tested to 2.00 atmospheies. 
In spite tif this precaution, explosions 
do occasionally occur, ami this lias 
created a certain feeling of uneasiness 
in (bum any, wlicie the carbonic acid 
indust i y lias of late years developed to 
a very large extent. Tim use of steel 
bottles for the tiamport of liquid car- 
bonic aeid was introduced in (iermany 
about four years ago, and now there are 
over bottles in daily use. When 

the bottles are sent by railwa\ or cart, 
they are generally only placed in wooden 
boxes, which is certainly an inadequate 
protection against rough handling and 
shocks in tianspoit. That an explosion 
of sin b a hot 1 h* may have sciious con- 
sequ* m «• , is shown by a note whhh 
has been read l»y (iunteriKinn before 
the flerman Society of Engine' rs, de- 
scribing an explosion of a caibonie a<id 
bottle on board a Rhine steamer. For- 
tunately tin; explosion ocelli ml on a 
Sunday, when nobody was on board; 
but the amount of damage done to tin: 
frame wnik and deck of the vessel was 
very considerable, whilst even on shore 
the concussion was sufficiently strong 
to break several windows. 

The immediate taii'-e of an explosion 
may bo either concussion or exposure 
to high tcmpcratuie, and the Fleischer 
safety cr.it e is designed to avoid the 
former cause, and to les'eu the destruc- 
tive result if [fa explosion should he 
occasioned by the latter cause. The 
crate consists of a stout iron frame- 
work formed by rings and longitudinal 
liars, which surround the bottle on all 
sides. A spiral spring is insei ted between 
the bottom of the orate and the buttle, 
so that if the but Ik is caielessly put 
down during transport, the spring gives 
and flu* shock is softened. If, iiotv^Hi- 
standing the application of the crate, a 
bottle should •hurst, the crajp prevents 
the pieces being thrown about ; but 
there little probability of the bottle 
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flying to pieces at ail, tor if the induce 
occurs in the side wall, it cannot, easily 
extend over a distance greater than that, 
of two consecutive lings, of the crate; 
and if the bottle is blown out the spiral 
spring will give, and allow the carbonic 
acid to escape gradually. The crate 
has the further advantage that it does 
not interfere with the filling tin 
bottle, and is therefore also a protection 
during tire process of filling; while for 
transport, the wooden packing cases 
hitherto customary may be omitted. — 
(l wlus tries.) 

( l > ) A very simple but ingenious con- 
trivance — it is so simple that the wonder 
is the idea has neve vurred to anyone 
before — for protecting the upper portion 
of carboys when packed in hampers, is 
called the “ Marple Carboy Protector." 
The main object of this appliance is the 
protection from breakage of carboys 
when shipped abroad. It is well known 


baling ropa. Some years ago we saw a 
patent, package consisting of a stumpy 
kind of birrel in which the bottle was 
permanently fixed, embedded in a kind 
of cement up to the neck, with a lid 
and handle-,. This was \erv good in 
its way, but, if will be easily understood 
that expense alone presented its general 
adopt 10 

'lie “ Protect or,” as will bf c» from 
Fig*. L\V», ‘JUl, is h ply a loose 

lid made to tit the hamper', an l con-' 
sists ot two nn tal img", the smaller 
atid inner one intended to fit round the 
neck of the hot tie, after being well 
] lacked with straw nr hay on the top, 
whilst the larger m outer ring tits just 
inside the top hoop of tha hamper, to 
which it will be lashed with twine or 
wire. The two rings are braced to- 
gether with tfxtra-sirong narrow' hoop- 
iron, and the whole is t lion varnished 
like the Marple M hampers. 
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kind of u vessel ” to stow caiboys in — - 
and with tin* “ Protector ” allixed, the 
carboys were being stowed away in tiers 
four or five deep like so manv drums, i 
and the workmen weu* standing and * 
Malkin*' sihoii^ou the tops ol tin* hot ties i 
as though they Mere on terra lirnia. 

. The onlv drawback we ran see t«» the 
general use of tin 1 Protector *’ is that 
when affixed it. is not easy to see when | 
the bottle is getting full. Tins will j 
* militate against its use, sav for the 
muuatie aeid trade, where the bottles 
arc usually filled bv Iiom? quickly, but 
where bottles aie tilled bv funnel, and 
a recognised rule adhered to ot 1 1 1 1 in «x 
eveiv liotlle wiili a given weight, and 
no more, of any particular chemical, 
there is no reason why the “ Protector " 
should liot. prove as great a boon for the 
home trade as it undoubtedly will lor 
tlu jreign trad 

consigned in eai boys.- (' 7u m. />•</ /c.s 
./»» nr.) 

(<) It. lias been shown that conecn- 
tiatPd sulphuric acid of <?d° I‘». brought 
into contact, wiih straw, wood, and 
otlu r organic stulK at oidimry tempe- 
rature, can develop volatile organic 
aiids and sulphurous acid in eon-idor- 
alde quantity. This sullic b nlly explains 
the destruction of iron parts of vessels, 
etc., not, in actual contact with escaping 
acid, and indicates that sleepii 
enclosed spares in which com oiitr.ited 
sulphuric acid is being convened can j 
only be warranted where ventilation is 
# very good. 

Eggs.— (1) Buy boxes from tlu 
grocer at Is. a dozen and pack in 
meadow nay. Procure a suitable size 
box, fill vvitli bay, press down tightly, 
then makes hides with two fingers and 
thumb of the right, hand, and place the 
t'ggs in position with the left hand, 
dozens can bn packed in this wav in a 
very short time. Divisional boxos, 
paper wrapping, cork, I ran, sawdust, 
all fade a wav as soon ns thin simple, 
expenselesis, Imndv, .and expeditious 
plan is adopted. Never buy boxes from 
the manufacturer of boxes for sittings; 
they are too careful of' the wood ami 
(polity. • (J. Francis -Brown.) 


(2) The box may be a plain, nicely- 
finished one, 11 } in. hv r»J in by dj in., 
with the top, bottom, and shies rab- 
beted, so that inch part, leeches sup- 
port for its mtirc length making the 
box, as a whole, very strong and ligid. 

';a capital foim of box, and it is 
onlv to be regretted that such a one is 
notin the market at a reasonable juice 
for general use. 

(“») J send thousands of eggs to 
London wit h a sti ip of corrugated jiajn r 
about ‘Jin. wide w lapped lonni each 
egg (corrugations inwards, of course), 
and a layer of bay top and bottom and 
between ca< h Inver of eggs, in wicker 
baskets (< ncul.tr by prcfemicc). Tlicic 
is siaicilv enr a single egg broken, 
and it is the simplest, safest, and most 
raj id p.ukmg oi the many modes 1 
have tiled and seen. The wrapper* are 
ret .lined in place simply by ju.xtapo- 
sitmn; eggs laigo ends downwards. 
The paper is that common] \ used for 
wrapping medium? bottles |or ]>o-t. 

( Liam is Bacon.) 

(-1) Th eggs may he pa< ked in a 
rictangulur hanipi r, lf> in. hv 7 m. 1 • v 
f» in., caili egg wrapped til ^ t in line 
shavings and then in a puce of coarse 
p-ipir wrapping, which i.s folded on the 
incadth, and not the lengthways, of the 
bottom and soles of tin 
hamper are lined with fine wood- 
shavings, and the eggs placed end to 
end in a double row on the packing, 
with another layer of the shavings on 
the top of all. I'he eggs cannot come 
to any haim; but the cost of the 
hamper plus t^e cost, of the postage 
puts this hum of package out of tlu 
question for moderately cheap eggs scut 
bv post. The postage alone would be 
7.W., and this with <></. for the hamper 
is a large slice out of lis. t uL or f».s. 

(.">) N1 v new-laid eggs sent to London 
are parked in clean, soft straw in boxes 
P in. deep, four layers to the box; tl 
boxes contain *100, and f»00 each 

(1J0 to the loO); as much straw should 
be placed on the top of the box as will 
make the 1M quite tighttvvlien tied 
down ; this prevents the contents from 
moving in transit. The breakage in 
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this way does not exceed 1 per cent. 
New-laid eggs sent to the south coast 
towns are packed in Tally's patent 
boxes, cardboard divisions, thick felt 
between. I never have a complaint of 
breakage in these boxes. Pheasants’, 
turkeys', goose, and fancy fowls* eggs, 
are always packed in baskets, each egg 
wrapped in soft hay separately. These 
are sent to nearly all parts of the 
United Kingdom, France, Italy, and 
Belgium, and 1 never hear of an egg 
being broken. Sawdust, bran, &c., arc 
very unsafe packing, as the contents 
move about, beside* excluding all air, 
which, when parked in boxes, i* vciv 
injurious to eggs intended lor incuba- 
tion. I always send eggs for hatching 
by rail, as if there is any breakage pos- 
sible, the Parcel Post will do it. (G. 
Bussell.) 

(fi) The box may be of the ordinary 
112-divi.sion type, but a layer of corru- 
gated paper is placed top and bottom, 
and a small roll of the same material in 
each division to hold and protect the 
eggs. The principle appears to be right, 
and very simple, 

(7) My experience i* that those eggs 
travel best that are first wrapped m 
paper, then packed tightly in sawdust, 
in divided wooden boxes. 

Oat-chatf and hiuu I dislike; hay is 
good, but I think quite unnecessary. 
Jn large towns all these have to be pur- 
chased, whereas sawdust, as a rule, 
costs nothing, and is, in my opinion, 
better than anything else into the 
bargain. 1 generally place a few half- 
sheets of newspaper on the top of tin* 
Haw'd ust to prevent any working out. 
during the journey. The lids of the 
boxes should of course never be nailed 
down ; they should be either screwed 
or tied securely with strong string. 

There is generally a slight difficulty 
in unpacking the eggs, as the sawdust, 
when tine and wel> pressed, sets firmly 
round each egg. This is overcome by 
putting a thick layer of sawdust on a 
table, then turning the box upside 
down, sli<k*ng the Jid off, «and drawing 
out the divisions, and with them the 
eggs cn masse. 


Suggested precautions r — 

(а) Always rest eggs 2d hours after 
a journey. 

(б) Always print or write legibly 
“ Eggs for Sitting ” on e,nch box. 

(c) Always make a string or wire 
handle to each box. 

(<l) Never nail an egg-box. (R. do 
Courcy Peele.) 

(8) At all times I have used (in pre- 
ference to hay or any other packing 
material) flax dust, which is move 
elastic than anything else I can obtain, 
at the same time being wonderfully 
light-weighing. This dust may be 
bought in quantity where the flax 
(Dew Ripe) is grown ; but I believe it 
is chiefly confined to the south-west 
counties of England. 

(11) The box is a light wooden one, 
divided into 12 compartments for eggs. 
The partitions come full out to the 
sides of the box, giving great strength. 
The eggs are very tightly packed in 
hay iu each division, with a layer of 
bay top and bottom, and on the trp of 
that a layer of chaff. So protected 
with an elastic cushion like hay, it 
must be exceedingly rare for an egg to 
be broken. 

(10) I invariably use soft bands o f 
hay, and pack in ordinary wood boxes 
— which 1 can procure at grocers* or 
“sweet” shops for Is. a dozen— of as 
lit tie weight as possible. 1 add a thin 
pad of hay at top and bottom. 

(11) If people would pack their eggs 
as pheasant dealers do, there would b^ 
no talk of broken eggs or bAd hatching 
by shaking. I send away a good many 
fancy ducks’ eggs — eggs that are as 
fragile as thrushes’ — yet I never hear 
of any being broken. Use light baskets, 
not boxes ; roll each egg in a hay-band, 
first wrapping it in plenty of paper; 
l>ack the eggs small end down, pressing 
them close together; line the basket 
with hay, also place hay at the bottom ; 
press hay well in between eggs, a 2 in. 
layer of it on top of them, then next lot 
of eggs — if necessary — and so on to the 
top ; plane several folds «of paper be- 
wuen the hay and lid, taking care if 
the 'lid is arched to fill the nrch itfith 
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hay; label the basket “Eggs for Sit- 
ting,” and send by rail. My baskets 
are always returned by parcel post, at 
a cost of 3d. (A. Bayldon.) 

(12) A very good type of box for 
sending eggs^by post or rail is made of 
stout brown cardboard, strengthened 

• with linen at the corners and at the 
joining of the top and bottom with the 
sides, and the inside is fitted with 
tubular receptacles or pockets for the 
eggs, made of thinner cardboard. The 
box is light, and yet strong, the ar- 
rangement of the pockets or divisions 
giving additional resisting power to 
pressure. The pockets or illusions 
come- right up to the top, thus giving 
perfect support to the bottom and lid, 
whilst their tubular form gives con- 
siderable lateral strength. The only 
objection to these neat amt handy boxes 
is their price— per doz., which is 
too much for boxes u^ed for cheap sit- 
tings. 

(13) My best r< suits invariably have 
bcA from eggs packed in 1‘J-division 
boxes; and 1 find hay better than 
either bran or cork, and the firmer 
parked the better. Both bran and cork 
are liable to pack tighter with the 
journey, leaving the eggs loose and 
shaky ; or if there are any crevices, 
part escapes, which makes it worse. I 
tear eggs are sometimes sent out stale, 
and the germ weak in other cases, but 
am convinced that if well and, above all 
things, firmly packed, from vigorous 

» parents, and untampered with, a jour- 
ney of a Tew hundred miles, and even 
touring no the sea, will affect them but 
little. (A. Allison.) 

(14) The true secret of safety lies 
more in the packer than in the mode of 
packing or transmission. Packing is an 
art in itself, and docs not necessarily 
accompany successful poultry-breeding. 
If anyone notices the apparently hasty 
and careless way in which a professional 
hand works* and tests the result against 
the ordinary amateur’s, whose parcel 
arrives with its contents smashed to 
atoms, though enrolled like a mummy 
with layer after layer |it will be ap- 
HPi'ent that packing, luce many other 


things, is a knack which comes more 
easily to some than others. A light, 
but firm touch, which seems to be 
rough, but in reality is merely the 
application of pressure in the right 
place, is chiefly what is wanted, and is 
better than all the patent boxes in the 
world. One more trivial detail is im- 
portant : A piece of strong string, to 
serve ns a handle, often saves the box 
from being dropped or banged down. 
For large quantities, such as 42 doz., 
doubtless patent boxes arc invaluable. 
(T. .).) 

(lo) I have tried all plans — parkin? 
in bran, in sawdust, in ont-chnll, m 
moss, and many other things ; but for 
the last 10 years 1 have discarded every 
plan as being unsafe except the one J 
imw describe. Bach egg is carefully 
wiapped in newspaper, and then in soft 
hay, such as old hay -bonds or hay too 
suit for horses. They are then packed 
in the basket described below, and each 
eg£ is again packed well in with bay, 
the basket previously being lined at the 
bottom with the same material. After 
all the eggs are securely packed, the 
basket is tilled with hay, and the cover 
wired or tied down. 

The baskets 1 use are such as have 
been employed for conveying fruit to 
market, and 1 purchase them at about 
4s. per dozen, including lids. These 
baskets vary in size fiom one capable of 
holding one sitting of eggs to one fully 
able to contain four sittings, and 1 
procure them in great quantities at a 
time, about 400 or so. The railway 
carriage is of* course an extra item in 
cost of baskets, but this does not exceed 
in a quantity more than about a farthing 
per basket. 

The reason I prefer baskets to boxes 
is because, owing to the elasticity of the 
former, if thrown down there is no 
violent concussion, as would occur if the 
latter were used, ibid they do not split, 
if subjected to undue violence. I have 
sent eggs all over the continent of 
Europe, to Italy, Russia, Spain, &c., 
where the* chance of a 4>ox arriving 
safely would be very small indeed, and 
I venture to say that I do not hear of 
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twenty broken or twenty cracked eggs 
in a whole season; and 1 may state that 
in many seasons I send out over 4(h) 
baskets of eggs thus packed, sometimes 
with one sitting only, sometimes with 
mixed sittings of many varieties. I 
have frequently sent large n umbers of 
eggs to the United States of America, 
even to Sail Francisco, and they have 
all arrived safely, and this I venture to 
say could not possibly have happened it 
any other plan at present known of 
packing eggs had b* j eii adopted. 

i always send eggs by rail where 
practicable, for this reason only — that 
size of package m journey hv rail is not 
of such importance as size of package if 
sent by Parrel Post: consequent l v, bv 
rail more packing can he ummI than if 
sent by Parcel Post. 

I usually prefer fastening the lids 
down with copper wire in lieu of string, 
as giving gi eater security, and being 
less liable to be tampered with by dis- 
honest people. *' 

As a last remark, I think it would 
not here be out of place to mention that 
whenever a sitting of eggs is procured, 
no matter from whom, and no matter 
how packed, or how short the journey 
has been, the eggs should be unpacked 
carefully and laid on bran or some soft 
substance, on their sides, for at least. 
24 hours before being put tinder a hen 
or into an incubator. This is necessary 
to enable the contents of the egg to 
perfectly recover after the amount of 
oscillation they have experienced from 
their journey. Where this plan is not 
adopted, 1 venture to sn]£ it lias a great 
deal to do with the non-success of the 
hatching process. (E. Snell.) 

(16) I use partitioned boxes, made to 
hold 1 doz. and 2 doz., and larger for 
ducks* eggs than for fowls’ eggs. They 
are strong, light, and inexpensive, with 
“ Eggs ” printed in large letters on the 
cover, costing ahouf 1 jr/. each (by the 
gross) for the 1 doz. size. For parking 
1 use either wheat -chad' from t he 
threshing-machine, oat-straw cut into 
short chaff, it cork-dust that the foreign 
grapes are packed in, which I get by 
Asking for of my grocer, I take two or 


three handfuls of either, and throw in 
the bottom of the box, each compart- 
ment being about one-third full, then 
j » ii t. in the eggs large end down, throw 
some more chalf over t he eggs, and 
press tight, down in the rtyners of each 
compartment with the points of the 
fingers, then till the box a little above* 
the level with chaff, so that the cover 
| will press tight on the chaff and keep 
the egirs fiom shifting or shaking. 
Fasten on the cover with two flat, 

| bro.ot-headed tacks J in. long, one at 
each end, make a hole with a small, 
brad-awl, and press in the tack (do not 
use a hammer), then tie the box round 
with a stiong piece of string, to which 
the label is attached, 
j (IT) I use a hamper of conical shape, 
j siK h as is used in the trade for packing 
: butter, 11 in. deep, and 12 in. diameter 
at the top. At the bottom of the 
; basket is neai ly i> in. of bay, and on 
this is placed the first layer of 1 1 eggs, 
each wrapped in soft hay; on the top 
of these is another good layer of fla\, 

! and then on the top of this 16 eggs; 
then another layer of 16 egg-!, and then 
more hay to fill up to the lid. There 
is, of coiir.se, a prelecting lining of hay 
to the sales of the basket. The eggs 
I are all very tightly and very neatly 
packed. 

(is) Tulh's box is very strongly 
made w itb J in. wood, iron hinges, handle, 
and clasp for padlock (often a veiy desi- 
rable precaution); the bottom has a 
felt lining, on w hich stand the divisions, , 
made of stout millboard, and on the 
top of these is another piec^ of felt 
to protect the eggs from the lid. The 
arrangement of the divisions is good. 
Jt will he best understood by Fig. 
262, the thick outer lines of which 
represent the sides of the box, and the 
i thin ones the millboard, it will be 
| seen that, none of the sides of the com- 
I partments is formed of the sides of the 
j box, and that the eggs yre therefore 
j not only protected, from concussion, but 
from being crushed by any “ gfvc ” in 
the sides, which latter, however, would 
not occur in ^ so stoutly-made box. 
The principle is a good ope, and migfct 
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l»e adopted with advantage in boxes of 
a blighter make. 



f 11*) Karh egg is first wrappe 1 in a 
piece of vegetable parchment (same as 
used by groeeis for butter), and theu 
.some suit, meadow -hay is ]»ut round, 
making it about the size of an orange. 
The) are then placed in a box (made to 
tin* size required — from 1 dozen to (J 
dozen) hide by side, with soft bay at the 
bottom, and then a thin lajer at the 
top. This plan is by far the best. 

The box is then tied as an ordinary 
pared with two strings acioss the ends, 
and then the string is brought ovei the 
top of the box and twisted round and 
round until a handle is formed tor the 
porters to carry them with; this pre- 
vents their being thrown about, aid is 
an excellent idea. I alw.ixs send by 
rail, atul not by Parcel Post. Last xear 
i sent, away oxer 001)0 eggs, and gave 
perfect satisfaction, or 1 should have 
had to replace them. Some went to 
Italy, Scotland, Ireland, and other 
places. 

The vegetable parchment can be ob- 
tained for about lit/, per lb., suitable for 
this purpose. (H. Warren.) 

(iiO) Freeth and Pocock’s boxes are 
simple, and the eggs are as safe from in- 
jury inside as it is possible for them to be. 
-Not even the roughness and carelessness 
in handlingbof the Parcel Post people 
could succeed in breaking an egg in one 
of theft boxes — and that is saying just 
as much astit is possible to say. 

For sending either ^ very valuable 
«5gs, dr eggs a very long distance, 


nothing could well be better than these 
boxes, but their high price (Is. 4c/. each) 
puts them out of the question for 
geinual use for such eggs as are sold at 
a sitting. 

The boxes are strongly and neatly 
made of wood, with wm-lunged lid; 
tin* inside is lined with felt made into 
pockets, into whnh the eggs are pul; 
and there is a false cover lined with 
fell, which i" placed on the top, and 
then when the lid is shut down all is 
seem e. 

(21) Ldov’s boxes aie xerv similar to 
other 12-ci’inp.irtmcnt boxes, except that 
they aie intended to be used ill con- 
junction with corrugated paper, a piece 

! of which is placed top and bottom, 

| lu tween the partitions and the bottom 
; and top, and small slips rolled cylin- 
j din-ally and placed in the compartments 
j to hold the eggs. The packing is sim- 
i pin tty itself, and ought to atford ample 
| protection to the eggs. The price of 
I the boxes, propel ly fitted, is 4*. per 
! do/., or 40s. per gross. In future the 
boxes should he made rather larger, as at 
present the compartments, when fitted 
with the cm ru gated paper, will not 
fairly take large-sized eggs. 

(22) Brown’s baskets for the trans- 
mission of eggs for incubation are oil- 
cul.ir iu shape, with an inside diameter 
of 12 in. at the top and 84 in. at the 
bottom, and are similar to those ordi- 
narily used for packing small fruit for 
the market. They arc* strong, elastic, 
and scr\ ncable, but more adapted lor 
eggs sent by rail than by Farced Post. 
The price is 4.^ per dozen. 

PkUCOLATION. (iv. 198- 209.) 

Fig. ‘2M shuxvs an arrangement sug- 
gested by Lingerer for the process of re- 
percolation. A number of percolators 
a l> are placed on a suitable stand, one 
above the other, so that the tube of one 
percolator passes through a cork fitted 
into the mouth of the one below ; t> to 
12 of these vessels may he used one 
above the (filler. The stafcl consists of 
a board with pairs of projecting pegs 
placed at such distances that there is 
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room for the cylinders between them. 
Boards having a horseshoe-shaped piece 
cut out on one side are placed on these 
pegs, and serve to support the cylinders 
in their places. The menstruum is 



allowed to run into the top cylinder, 
cither freely or (in order to increase 
the pressure) through a long tube 
attached to the top. The liquid per- 
meates the subatauce in the cylinder 
and Tuns through into the cylinder 
below, and so on to the (nit tom, where 
it is drawn off as the strongest possible 
tincture. By adjusting the lowest 
stop-cock the speed of ilow can be pro- 
perly regulated. The number of vessels 
and the speed of percolating should be 
so regulated that the tincture begins to 
flow from the lowcst^cylinder just when 
the contents of the top one have been 
thoroughly exhausted. As soon ns the 
top cylinder is exhausted it is removed, 
the whole column of vessels is raised up 
u stage, anG a newly-fillAi vessel is 
added at the bottom. In this way the 
process becomes continuous, and a con- 


centrated extract can be made, except, 
of course, towards the end of the opera- 
tion. 

PhESEUVINO. (ii. f fI31CS.) 

Books. — In certain parts of China, 
the British Consul at Swutow observe*., 
books are extremely liable to be attacked 
by insects. They first. destroy the glue 
used in the backs of books, and gradu- 
ally perforate the whole volume. Cock- 
roaches, too, entirely disfigure the covers 
by eating away patches of the glazing. ' 

The remedy for both these nuisances 
is easy. The late I)r. 1 lance, who had 
a large Binary, u^'J the following re- 
cipe : — 

Corrosive sublimate .. f> dr. 

Creosote 00 drops. 

Rectified spirit .. .. - lb. 

This mixture, a violent poison, he 
applied with a brush in the joint of the 
book at every (> or 7 pages, and, as a 
preventive of the ravages of cockroaches, 
lie varnished the cover of the book with 
a thin clear spirit-varnish. In binding 
books, it would bo only necessary to ad I 
a small quantity of the above mixture 
to the glue used, and to give a coating 
of spirit- varnish to the cover, to secure 
complete protection from the attacks of 
insects of all kinds. 

DiBtilled Water.— In the first 
place, contrary to the general opinion, 
condensed steam does not alwavs furnish 
pure distilled water. The drip from 
the cylinders of steam engines « ; s never 
fit for use, not being half so good as 
ordinary rainwater, in preparing dis- 
tilled water, the directions generally 
given to reject the portion that first 
comes over should never be omitted. 

The best water from which to pre- 
pare the distilled article is, in my 
opinion, good dear well water. Rain- 
water is generally well Joaded with 
organic matter, and holds generous 
quantities of ammonia in solution. 
Ammonia, of course, distils over, and 
this impurity /he Pharmacopoeia does 
not permit. Prof. Lloyd once skid thst 
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in order to prepare an acceptable article 
of distilled water from the city at Cin- 
cinnati, it was necessary to distil .*> to 4 
times from an ordinary apparatus ; but 
that now, by carrying a standpipe to 
the third stor^ of his factory, the pro- 
duct obtained was good, 

• The following procedure in distilling 
and storing will never fail to give 
Mitisfaction. Say the still is of . r » gal. 
capacity, not more than 4 should ever 
*be distilled therein: take then 1J gal. 
of good dear well water ; boil violently 
iij a bright tin vessel for minutes — 
this drives oil' almost the last trace of 
ammonia; then introduce into the per- 
fectly dean still; start the process'*; 
reject tin* first J gal,, and save the 
succeeding ‘2J gal. 

ThU is to lie stored as follows: 
JVcpare an empty carboy by boring 
with a rat-tail lile a hob* in tin* 
solder: through this bole introduce a 
glass siphon, made air-tight, at the 
point of contact with the carboy bv 
slipping over the siphon tube a piece of 
rubber tubing, and on the longer arm 
of the siphon place another piece of 
rubber tubing about 4 in. long, pro- 
vided with a pincheock. Into the 
mouth of the carboy fit a perforated 
cork, holding a glass tube filled with 
cotton ; this is to be inserted as a 
stopper, the tube filled with cotton 
acting as a vent. All the air entering 
the carboy will be drawn through the 
cotton, thus being littered perfectly 
Jrec from motes. It is these motes, 
or dust particles, among which the 
seeds of tj^c conferva* exist that cause 
the ropincss which is to be avoided. 

The distilled water in dropping from 
the mouth of the condenser into the 
receiver, as a rule, becomes contamin- 
ated with air motes, and unless these 
be removed before the water U finally 
deposited in the carboy, confervoid 
growths will appear. 

To accomplish this, the distilled 
water must he brought to a boil in a 
bright tin vessel, the warm carboy 
thoroughly rinsed with it, and when, at 
last, the container is full, insert the 
perforated stopper carrying the tube 


filled w ith cotton ; start the siphon, and 
now, if the stopper is not removed, the 
entire contents may be used, as required, 
and not a single fleck will form 
therein. (J. N, ilurfy.) 

Food — IfamrirAcidnsa J'rescn'ativr. 
— Uoracic acid only acts when present in 
large quantity. It prevents the growth 
and multiplication of germs, but does 
not kill them even in a 1 per cent, 
solution. Experiments with milk gave 
very unsatisfactory results, as an 
addition of 4 per cent, boracicaiid only 
preserve 1 the milk for 4 days. Horse- 
flesh may be preserved for 0 weeks by 
the use of li per cent, of the acid, 
liorat ie acid is supposed to be harmless, 
but recent m\ obligators prove it to he 
dangerous, as it strongly acts upon the 
mucous membrane *>1 the large intes- 
tine. A dose of 4 grm. killed a large 
r.ihlnt ; ‘2 grm. made a dog very sick. 
The acid is much used in Sweden for 
preserving fish and milk, but cases of 
p usoning have already occurred in that, 
country, hong continued use of the 
acid is not favourable to good health, 
and at all events its addition to milk 
should he prohibited. (Emmerich.) 

“ Adulteration” with liar aria Arid . — « 
The increasing use of boracie acid, as 
well as of other so-called antiseptic 
agents for the preservation of articles 
of food, is a matter which demands 
immediate and most serious attention. 
IWacic acid is generally added to milk 
and cream in the form of certain 
proprietary at tides, which are sold to 
the trade under different fancy mimes. 
Some of the yore commonly used 
preparations, which consist of a mixture 
of boric acid (partly anhydrous and 
partly hydrated) with borate of soda, 
are added (in solution) in the propor- 
tion of at least 7 gr. of the solid sub- 
stance to 1 pint of milk. In cream, it 
is generally added in at least double 
this quantity per pint. Inasmuch as 
both the farmer in 4 lie country and the 
dairyman in the town are likely to use 
these preparations, these amounts may 
be largely increased. Tl* amounts 
mentioned are also very likely to be 
exceeded through the carelessness or 





ignorance of those making use of such 
substances for preserving purposes. 

lint scanty information is to be 
obtained as to tin* art inn ot bor.icic :md 
and borati 1 '! on the human subject. 
These substamasdo not appear to liave 
been much u.*»ed as internal remedies, 
and, accordingly, but lit lb* inlonn.i- 
turn as to tiieii* action is to be found in 
Vje te\t-lmoks. One authority states 
fiat borax acts as a mild alkali on the 
alimentary canal ; tending to render 
tin* ilmds alkaline, and to cau^e <liti- 
red»; tint it. cheeks lei mentation due 
to organisms, and is used as a diuretic 
and antacid. Another eminent autho- 
rity who was consulted in eom:«M turn 
with the report previously alluded to 
refers to the tendency of these suh- 
.-.tances to set up diarrluca, a disease 
xery prevalent in hot weather, when 
the preset vatives are most used to 
prevent the change which milk and 
cream are apt to undergo rapidly at a 
high atmospheric, temperature. v Tho 
medicinal dose of the acid as laid down 
in the British Phurmacopmia for an 
adult ranges from 5 to :1<> gr., and, on 
the authority of l>r. Dudlicbl, and of 
others, it may he computed that of 
the quantity, say a maximum of LM trr. 
would he a suitable dose for a child 
under one year. It is quite pos-ahlo 
that a strong, healthy infant, taking 1 
qt. of milk daily might ahsorh as much 
as 120-23 gr. in that time, having 
regard to the likelihood of the minimum 
amounts mentioned being exceeded. 

The experiments of l>r. J. Forater go 
to show that the addition of horacic 
acid to articles of foou in far smaller 
proportions than i.» customary is inju- 
rious to health. This author considers 
that “even small dosoi of it are 
injurious to the digestive organs.” 
The injurious action, he says, depends 
on the circumstance that the drug acts 
so as to materially 1 increase the propor- 
tion of solid matters and nitrogen in 
the faces separated. Its action on tlie 
intestinal discharge is well marked, 
even by tj e exhibition «*** as little as 
4 gr. per them, and is stated to be in 
direct relation to the quantity taken, 


and to be maintained for some time 
after the doses of the drug have ceased. 
The actum described is perceptible, not 
only with vegetable or animal binds, 
which contain a large proportion nl 
indigestible ingredients, ^mt also when 
higlily-digcstible foods, such as milk 
and eggs, are taken. Food to which the 
acid lu*. been added tend-* to cause an 
incicase in the secretion of gall during 
us'imilat mn. < >ue of it s most important 
actions, however, according to this' 
author, is the increase which it causes 
m the discharge of albuminous sub- 
stance'. fioin the intestinal canal. 

H. Hotter lias recently published a 
series of expi'riineut.s oil the actum of 
boron compounds on plants. The ab- 
sorption of such compounds was found 
by him to destroy tin* chlorophyll, and 
hence to ariest the processes of assimi- 
lation. The roots are affected, and soon 
die. Fieo boric acid was found to be 
more prejudiciil than the alkali salts. 

A pail fiom the experiments referred 
to, it is sulliciently plain that an ^ anti- 
septic” substance of anv kind, if intro- 
duced into food must, by its very nature, 
be injurious to the health of the con- 
sumer. Jt. isevuh nt that the introduc- 
tion of antiseptics of any kind into the 
alimentary canal must upset the con- 
ditions necessary to healt h. The danger 
is t lac greater because it is insidious, 
and because the clients produced arc not 
\iolcnt or sadden, but such as will 
create disturbances and ultimately 
serious injury', which are likely to bjj 
aenbed to anything Imt tlfts real cause. 
The question of quantity does not bear 
upon the matter in any way. It has, or 
should have, no bearing legally. Any 
quantity that is sufficient to produee 
the “ antiseptic ” effect in the food 
itself, must, be regarded as injurious, 
even if the undoubtedly harmful action 
of continued small doses of a “preser- 
vative” substance be left out of con- 
sideration. It must be remembered 
that horacic ;jcid preservatives are 
very extensively used. In butter, milk, 
cream, fish, meat, and c in preserved 
foods and proprietary preparations of 
various kiudi, boructe acid, is tq, be 
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constantly found. I' have recently 
found it to h«» present, in large amounts 
m meat, ‘'extracts” and “fluids” 
intended especially tor the use of 
mxalids ami children, an l which, 1 
lcglvt to say,^re helauded in inflated 
l. mouuue bv iut*liiher% of the liicdnnl 
profession, who, had they known ot the 
presence of horai ic acid, would Miitdv 
iiavc condemned them. The uuavowed 
presence of hoi aide a« id in Mich piepa- 
*r.itioi.s, or in the milk and cieam so 
largely used hv invalids and eliildien, 
might, and, m mud eases, probably 
would, seriously disturb a physician's 
< unse of treat ment. 

Attempts ha\e been made to coniine 
1 lie issue hv a^seiting that it »s as per- 
ni i '■slide to add horaeie and to a food 
as it is to add salt in ceitam instant e*, 
(a* in the ease if salt meal). This 
contention is at one e disposed of by 
pointing out the plnsiolognal fait that 
salt is a food, and that, hoiaeie ae.d is 
lad. Again, horaen acid an.l coin- 
|n.inn?s of it aiemd natuial const i: uents 
of milk or ot am food. The\ are not . 
themselves “foods.” hut “drugs.” i 

I'roeeudings could he taken against 1 
tin- vendors of milk containing hoiacic , 
acid eompouiuts under the .*»rd Section ’ 
of the Sale of Food and I)i ligs Act, ! 
which prohibit.*, with certain uiiloi- ! 
tunate resen at ions, the “mixing, 
colouring, staining, «»r powdering” of 
any article of food with any ingredient 
<>r material so as In mu A r the ai tide 
injurious to health. It is a matter of 
Croat difliriYlty, however, to proxe 
injury tojiealth ” to the satisfaction 
“I an ordmarv conn. It is almost 
necessary in all such cases to be able to 
produce sume poor neat ure who has 
'"‘‘*1! almost “done to death ” by that 
"hich is cnniplaiue 1 of. ITider this 
section also it is practically a necessity 
to state the percentage of the injurious 
^distance, to afford, of course, a useful 
hone of contention for members of the 
l»*gal profession, and not to obstruct in 
any way »the wide loop-hole for the 
escape of offerers, duly left by the 
h'gislatuie, in this section. I contend 
that, jj, is unnecessary to state percentage 


in a matter of this kind. The Gth 
Section of the Act makes it an oflence to 
sell to the prejudice of the purchaser 
any article of food \\hi<h is not of the 
“nature, st hstame and quality ” of the 
aitu lc demanded by tin* pin Iihmm, and 
ju’ox ides tdi.it no olleuce i" committed 
uudci thU section if “any matter or 
iugrcdii lit not injuiioiis to liealth has 
been added, bet ause su< li addition is 
leijuued for the ledmtiou or pi « a pa ra- 
tion of the food a " “an article of com- 
merce,” or '* in a state fit for carriage 
or « oiiMimption,” and “ not to conceal 
the inferior quality thereof.” The ‘2nd 
I N'ction of the Amendment Act of 187W 
]»io\ide> that it i-* in* defence to prove 
th.it the "article of food in question, 
though defect i\ e m ( nnt in o,* or in 
; • suh-t tin e,* or in ‘ quality, * was not 
; delect ive * in all t liree l espects.’ ” That 
. is, proceedings would be justified by a 
; tie let t in any one respect. 

| There appears however, to be an 
impn .s^ioii abroad that there is no 
otience under the bill mm twin unless 
tin* adulterant forms a '* substantial 
portion ” — that is, presumably, more 
than a fractional part of the article as 
sold to the purchaser. Taking tin; 
case of milk, It ought hardly to lie 
necessary to point out: (1) That milk 
t outlining horaeie at id compounds is 
not of the nature, substance and 
quality of mi h : (-) That even if 
defect in nature and substance is only 
; constituted by the presence of an adul- 
j teiant m what is popularly cal let l “a 
'substantial amount ” (that is, forming 
; a large integral portion of the article), 

I defect in qwiliiy is at once established 
I hv tin* presence of hoiaeie acid in milk, 

| and that such defect is independent, of 
the question of quantity ; further, (3) 
the admixture of horaeie acid compounds 
; with milk is not required for preseiving 
it in course of transit Jnun producer to 
< consumer. Kefrigeiatiuii, xvhicli adds 
nothing to the milk, fs the recognised 
and legitimate method, if such preser- 
vation for transit he deemed necessary ; 
and (4) the addition of the prc&rvativcs 
does serve the purpose of concealing 
the infeiior quality of the milk, as it 
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allows stale milk to be supplied as fresh, 
and as it is far more easy and less 
expensive than the better method of 
refrigeration. 

I therefore hold that vendors of foods 
containing lunatic and compounds 
commit offences under the 3rd and the ! 
6th Sections of the Act of 1 S7-">, and tlie 
2nd Section of the Amended Act of 
1879. Whether offences under the Act, 
however, are committed or not, I do not 
see how it is possible to arrive at anv 
other conclusion hut that the use of 
these preservatives is a serious form of 
adulteration. In my view, the absolute 
prohibition of their use is the only safe 
and proper course to take; although if 
it be desired to throw a sop to that 
large class of persons who are always 
morbidly anxious to follow middle 
courses, it may he admitted that, the | 
compulsory labelling of sin h “pre- 
served ’* articles with the name of the 
substance or substances used, would be 
productive of great and immediate 
benefit. It is remarkable that "those j 
who defend the use of u preservat i\cs,” 
and assert them all to be u harmless, ” 
m any amount, should take such pains 
to conceal the fact that they have been 
used. In regard to several proprietary 
articles I have examined ; I have had 
before me, apparently, the full details of 
the manufacture, given with the most 
child-like candour; everything, cjrwpt 
the admixture, of horacic acid, which 
was found in them all. In the case 
of certain “preserved'' creams, it is 
asserted on the labels that “ the cream 
being separated as soon as it is drawn 
from the cow, it ywill keep sweet 
longer.” Comment upou this is need- 
less. 

Abroad, the use of “ preservatives ” 
is almost universally prohibited. If 
the legislature and if local authorities 
were in earnest about the suppression 
of adulteration, their use would be 
prohibited here*. (K. E. Cassal, in 
Analyst.) 

Use of Preservatives . — It is well 
known that in summer many milk 
dealers Odd some preparation of boric 
acid in order to retard coagulation of 


milk. Such preparations are, and have 
been, openly advertised in numerous 
forms, and have been recommended by 
scientific men. Less well known is the 
fact, that boric acid and its soda salt is 
most frequently to be met with in 
butter, especially Normandy and Belgian 
butters. Norwegian and other foreign 
fish is cured with salt ami boric acid; 
meat is preserved with it, and it is even 
found in preparations intended for inva- 
lids, such as in so-called sterilised pep- 
tones. '■ 

In lwier, especially foreign imported 
beer, in wines, preserved fruit, and, 
perhaps, in milk, salicylic acid or sali- 
cylate has been used for preservation, 
whilst sulphurous acid or bisulphite of 
lime is of common um» by the brewer, 
the manufacturer of lime juice, and the 
butcher. And, lastly, it appears that 
ben/oic arid or heiuoates are gradually 
taking the place of salicylic acid. Other 
antiseptics have been from time to time 
proposed and used, such as fluosilicate.-, 
nitrates. &c. 

lu reference to the quantity oV horn* 
arid which is necessary to produce m»\ 
appreciable etfert upon milk, I am net 
aware of any analytical results obtained 
bv the analysis f actual trade samples. 
Matt cm finds that 1 grin, boric acid pci 
litre retards the coagulation of milk at 
15° O. for ‘24 — 30 hours; -5 grin, only 
21 hours, whilst at 33° C. *5 grm. i** 
without edict, and 1 grm. retards the 
coagulation for 10 hours. In summer, 
therefore, when the addition of boric 
acid is practised, not much less thni|,l 
grm. per litre of milk wbuld probably 
he employed. ^ 

Of borated butters I have made nu- 
merous analyses, and give some of my 
results iu percentages ; — 

Boric acid *09 *11 -09 ‘14 ’20 ‘41 
Borax -19 ‘16 *15 -23 -33 ‘55 

Both boric acid and borax being calcu- 
lated as crystallised. The .preparation 
always employed in tlje case of butter, 
as far, as my experience goes, consists ft 
a mixture of boric acid or- borax, ui 
widely varying proportions, freed from 
| a part of the water of crystallisation by 
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heating. As typical the following ana- 
lysis may find a place : — 

Water :n; -K 

lioiax (anhydrous) ... 21-n 

Uorir acid (aiihx (lions) Il'J 2 

To preserw* fresh lish about. 2 gnu. 
of hone arid aft* used t<» each kilo of 
liaJ). 

Salicylic acid has not. I believe, ex i*r 
been largely used m this <oiintn as a 
toed pieserxei*. Jt answers lmt \ery 
foully in the raw of milk and butter, 
and its use is now chiefly confined to 
foreign fermented he w> rages. As to tin* 
quantity, 1 grin. per lit i e u as frequent Iv 
used when salicylic acid had l embed its 
height of popularity. When m ennrse 
of time the objections against its use 
were not only lieanl, but lesiilteil in 
I)rohihitive legislation in many countries, 
o grm. were deelared to be sulhcient bv 
its advocates to keep lUO litres of 
Uaxanan beer for home consumption, 
ami 20 grin, for export. 

ll we now ent< r int » the question as 
to tin* physiological e licet ot the pre- 
servatives im nt lolled, we at nine meet 
xxith the most diametrically expressed 
opinions. Whilst, inventors introduce 
every antiseptic as absolutely harmless, 
and quote c\ pel intents hy which it is 
shown that large and continued doses 
of antiseptic were administered without 
evil client*, other enquirers come to ab- 
solutely different conclusions. Litera- 
ture teems with arguments in favour of 
and against some of these substance*, 
and it must he conceded that direct and 
palpably injurious effects on healthy 
i>»di\ iduals have not been traced to nnv 
°1 the ant Kept tes he.vin considered. 
Lot when so much is conceded, a wide 
held for discussion yet remains. 

On the one hand it must, he recognised 
that to prevent waste of good human 
fond hy avoiding or retarding its de- 
composition is a meritorious achieve- 
ment,, and one upon which the thought 
ot the scientific man cannot be too much 
concentrated. Yet. it nijist. he allowed 
that the • indiscriminate addition of 
chemical suing, auees which exert a 
poisonous action on bacterial ami other 


organism* cannot be s:il< lv left in the 
hands <*f mme or le. s lgnmant vrnd*us 
of aiti'lf.N ot f<n>l. e\eu il no d n •«« 1 1 v 
poi'.iiiu ois nr lnjojiuus action ian be 
trail'd u jm j 1 i a IumLIiv adult by linn 
Use. Jt 1 -, evident, that Miletaii'is 
whliii ilitel’leie With the glow ill nf 
fungoid organisms like bacteria or \east 
tell^, mii.-st have some notion upon the 
eomplnated human animal; and iun if 
exuberant health and abundant gastm 
scej el ions may be capable main limes 
t.i » w\ «'i w helm t he eft ret of the ant s.sojit u , 
the (tint iis,di must niuainaiid deti.ict. 
from the < tin leney of tie 1 liuman org m- 
i.siu. it is lnemu eivalib that the proto- 
plasm ot a hurt el in be x itallv alleetcl 
h\ a Niibstame wim.li at the -ante time 
he utterly melt upon human pro I opln-m. 
The eth-i t ll e\ ldent iy a question of 
quantity. Tite absolute qumtitv may 
not ht Mithcient to .show itsrlf palpably 
upon a b«i|\ weighing. *a\, \\ <\xt., but 
it in*! -t be there all the same. 

Tile t'oUllte ( ’ell'- ll lt.it if d'll\'_iei:o 
I’uhlnfue ot flame i «qmi ts m r< lei once 
to t 'lie Use of hen/oK aeid ill arthles ol 
food that all antiseptic^ are injurious to 
natural digestion, bemuse t lie nddil n-n 
of antiseptics of any kind is inalmnal 
a* far as assimilation is comerned, and 
max be injurious to tin* lnumal a<*tion 
of the organs of digestion. 

In times gone by, when the causes 
of the deeomposition of food were not 
understood, the disioxery of a presen a- 
tive was doubtless an ncluex emeut ; but 
now, when we not only know these 
causes, but can piexent decomposition 
indefinitely by exclusion of germs, or 
bv i old, without dlu 1 addition of anv 
kind of joieign •material, we sun 1\ 
should make an attempt toui i i miniate 
between processes of preservation. If 
presen at ion could not. he effected with- 
out the addition of some foreign material, 
the benefit to mankind of preventing 
good food substance from doi mu posit inn 
would doubtless be greater tiian the 
slight, physiological ex il effect of the 
antiseptic itself. Hut as preservation 
of anv article of food is possible without 
addition of eh murals, it- seems to me 
that the lime hasiome to piotest amiinst, 
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th« present, practice of allowing tin* 
addition of any antiseptic which the 
dealer in food may choose to make. 

France was the first to raise objec- 
tions against the use of preservatives. 
Most of the beer consumed in France 
used to be imported from Germany. J 
When it WdS discovert* i that such beer 
.ilmoht imanably contained salicylic 
acid, a vigorous agitation, in the interest . 
of French home brewers, commenced. 
Finally, the Paris t'ouit of Appeal de- 
cided that, the addition of .salieyhe add 
was to be considered an a Alteration, 
ami to the prejudice ot the purchaser. 
The addition was deelaied to be not 
harmless, it. haung been shown t.nat 
salieylated ab*s wcio a soitree <d lunger 
to the community, that "alley lu* acid w as 
a drug, the use cd' which hud t<» he 
ordered bv a medical man, ami could not. 
he left with the trader. Thi-. judgment, 
was based upon a Kcport of the fom- 
mission of tin* Academic do Medn ine of 
Paris on the action of Salicylic A* id on 
Food. The Coinmi-sion reported on 
numerous eases in winch the preserva- 
tion of articles of food by salicylic a< id 
iias produced sciioiis results, an 1 is of 
opinion that it, is proved th.it small hut 
continued doses of salicylic aci l or 
s ilicylates, may produce seiious gastric 
disturbances, especially with old persons 
and such who sutler from affections of 
the liver or organs of digestion. For 
these reasons the a 1 litmu of salicylic* 
acid, or salts, should not he allowed to 
articles of food. 

What was oiiginally probably a tiale 
protectionist, movement soon became a 
general opinion. The* indiscriminate use 
of antiseptics should not be allowed, and 
one State after another passe 1 laws for- 
bidding the addition of preservatives to 
food, in some cases antiseptic* generally, 
m others specified substance^ only. 

Thus, by order of tin: Municipal 
Council of Jiuefios Ayres, the sale of 
beer containing salicylic acid was pro- 
hibited after March .list, 1888. Other 
South American States followed. The 
town of Jtfilan passed a similar law, re- 
ferring to the prohibition of salicylic 
acid in beer, wine, and other articles of 


food ; whilst the police of llerlin pro- 
liibited tin* addition of any kind of pre- 
servative whatever to milk. 

lu 1SSS the Dutch Government 
cause l an inquiry to he made into the 
use of salicylic acid in beer, and, as a 
result, all addition of ^alow lie acid to 
foi n 1 was prohibit**!. The Italian 
Ministry in 1887 declared tin* addition 
of all Mihst.mee.s to wine, which weie 
not naturalh contained m wine, t-o be 
an adulteration; in 1KNS the Spanish 
■ Government followed with an absolute 
I prohibition of antiseptics in wine, and 
i the Austrian a\ it li that of saluwlit 
[ acid. 

In Gej many a distinction is made 
hetaveen salicylic acid added during 
| mashing, to cheek the growth of the 
aeul-produeiug organisms, such an ad- 
dition at that stage of brewing being 
allowed, not anv of the acid, or only 
! tiai.cn of it, being sai l to remain in the 
1 beer, and between ihe subsequent ad- 
| ditmu of saliev lie acid to fully fermented 
beer, which is prohibit!* 1. * 

When saluwlie acid luid thus been 
virtually suppre sed, other antiseptics 
came into \ogue. Thus, m France, the 
Use of ben/oate became frequent, partly 
on account. of the greater power of tiiese 
eotn pou n 4s, partly because they are 
more diilieult to trace and detect, than 
salicylic acid. In Germany, sulphite* 
and borates were nmie largely employed, 
and numerous preparations containing 
thc-cas active ingredients were thrown 
upon th»» public. Thus, according ^tn 
Folenske, the following 'articles hau* 
been alvertised in Germany : — 

Sozolitli : containing *iir* 7 per cent 
sulphurous acid, as sodium salt. 

Austialiuu Meat Fieservat.ive : con- 
sisting of sulphites. 

lVrlinite : borax, with a little boiic’* 
acid and nitrate of potash. 

< 'hine.se Preservative powder: boro* 
arid, with sodium chloride and sulphate. 

hrockmann’s Salt : borax, boric acid, 
sodium chloridg, and potassium nitrate. 
Australian Salt: borax. . 
hanneiiite : boric aci<J[ and salt. 
Magdeburg Preservative Salt: bora** 
boric acid, And salt. . u 
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Jjcydnclfs Salt : sodium chloride, | 
potassium nit rat o, and boric acid. 

Again, as in tin 1 < a-c of salicylic arid 
in previous Tears, Jong discussions aiosc 
:> tf> the ])li ysioliioir.il ailixity of these 
substances. J.^hrcirli rotittnded that | 
hone and was porl'nlly harm less, hut 
otlirvs have her n able to trace distinct. ! 
|'ii\ aidugical idlrcts t *> its ndiniiu t j a- 
ti>>n ; whiLt, in ISSt», the Society of 
iktxaii.m Analytical (‘In mists discussed 
flic use of hone and us an antiseptic, ! 
and came to tin* eomluMon that it was j 
objectionable from a sanitary point of ! 

UeW. | 

In Kurland we haw* done absolutely I 
nothing. On the coiitrarx, the um* of : 
ant iseptics has been virtually sanctioned . 
in brewing. The law -IS and -I'd \ let.. 
( 'ap hi, declares that a hi ewer of heel' 
shall nut add any matter or thing 
i hereto e./vrp/ finings, or other matter 
or tiling sam tinned hv the ( *01111111-.- 
•"'oners of Inlaiul llevenue. The use ot 
iinti'-ej^ties', notably bi-sulphite ot lime, 
which is brie finally nseil 111 beer, is 
therefore distinctly conditional upon 
the sanction of the Inland Lexruue 
t'enmiissioners ; and the same would he 
the case in other articles of food, since 
the ihennsts of the Inland Revenue 
Commissioners are referees for eases 
'inder the Food and Drugs Act. '1 he 
Sale of Food and Drugs Act, par fi, 
allows to he .’ulded to food any matter 
‘■i* ingi odient not injurious to health, it 
t lie same is required for the production 
‘^preparation thereof as an arth le of 
•“imuerce in a state fit for carriage or 
enusinnptio^ Jso one, surely, ran eon- 
h'Md that preservatives are necessary 
h»r the production or preparation of 
nulK, butter, beer, wine, etc., 111 a state 
ht ior carriage or eoiisumption, for the 
^■■‘‘.it majority of the samples analysed 
are tree from antiseptics. (Jood milk, 
h«*sli butter, sound beer, can lie made 
,lf id sold without, antiseptics. As a 
'Matter of fact, fclioy have been so sold 
" r t'eiitm-ies, until sh am science came 
111 and taught the dirtv and the careless 
producer how «to evade tin; natural 
punishment of dirt and inisiuniingrmeqt. 

Ml^’pt ics are convenient to such pro- 


ducers, hut they are not required. Hem e 
we have no option hut to consider them 
as adulterations. The practice is utteily 
1111 justifiable, except from the point of 
view of a dealer, who wants to nmku 
an extra profit, who wants to palm oil 
a stab* 01 ill-prepared article upon the 
public. (<). llchniT, in 

Fruit Candying. — Leghorn oc- 
euj'ics the first place in Italy, and 
perhaps fhmughoiit the Mediterranean, 
lor tlie preparation ol candied citron and 
orange peel. Citron is brought for this 
]uupose from Cm sica, from Sicily, from 
Culnhiin, and other southern provinces 
ot Ital\. from Tunis and Tripoli, and 
own tiom Morocco; while the oranges 
imported into Leghorn, whether for 
consumption or tor candying, are marl\ 
all brought from the inlands of Sicily, 
Sardinia, and forsita. In all the 
countries contributing the raw fruit foi 
tins industry, it is treated in the same 
manner lor the oxer sea passage. The 
fruit is simply halved and placed in 
hogsheads or large casks, tilled w ith a 
fairly strong solution of brine, the fruit 
being halved merely to ensure thorough 
preservation of the rind by an equal 
saturation of the intenor as well as the 
exterior surface. In these casks it ar- 
livesat the doors of the manufactory. 
The lirst process to which it is then 
subjected is the separation of the fruit 
from tin* rind. Tins is done by women, 
who, seated round a large xessel, take 
out the fruit, skilfully gouge out the 
inside with a few rapid motions of the 
forefinger and thumb, and, throwing 
this aside, plaee t]se rind unbroken in a 
vessel alongside them. The rind is next 
carried to large casks filled with fresh 
cold water, in which it is immersed for 
two or three days, to rid it of the salt it 
has absorbed. When taken out of these 
casks, the rinds are boiled, with the 
double object of making them tender 
and of completely driving out any trace 
of salt that may still be left in them. 
For this purpose they are boiled in a 
large copper cauldron, for one to two 
hours, according to the qualify of the 
fruit mid the number of days it lias 
been immersed in brine. When removed 
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I l'oiii ibis cauldron, the ] »e<*] should be 
quite free from any flavour of salt, and 
at tin* same time In* Millii icntly soft to 
ah-torli t In- >11 «j :i i" lvadiK limn tin* sirup 
in winch it in now lv.ih to In* nniiici sed. 
Tin* next j’locoss to which tin* rind is 
Minjoc' Cil in that nt a slow absorption 
«d si|.jr.|j*. and this mi iijiios no h*-s tnan 
ei^ut ila\s. Tnc al> orption of sugar b\ 
(Vc-h fruit in oid< i to 1 m* tlmnmuli must 
in.* slow, and not. onl\ slow but also 
gradu.il ; that is to s.i\, tin* fruit should 
lx* at first treated with a weak solution 
of sugar, w Inch max thou ho gradually 
sti cngt honed, ioi tin* pow er nl' nbsm p- 
tom is one that glow*. by feeding. 1 he 
i i ml ha- now' ji.i-.-el into tin* saturating 
room, where on every si le an* long lows 
ot immense eartlienw are vessels, about 
4 ft. high and *2 ft. m extieme diameter, 
in outline roughly resembling the famed 
Lt Tuscan jar, hut with a girth altogether 
• nit of proportion to thmr height, and 
with very short necks, and large open 
mouths. All the vessels are filled to the 
brim with < itron and oiange petd, in 
every stage of absorption. — that, is to ^ay, 
steeped in sugar sirupof about eiglit 
different degrees of. strength. Tins pro- 
cess almost alw a\ s occupies eight days, 
the syiup in each jar being changed 
every day, and with vessels of such 
great si/a* and weight, holding at least 
J ton of fruit and sirup, it is clearly 
easier to deal w r ith the sirup than with 
the finit. To take the fruit out of one 
solution and to place it into the next 
stronger, and so on throughout the series, 
would be a very tedious proecss, and 
c.ne, moreover, injurious to the fruit, 
ill each of these jais, therefore, there is 
fixed a wooden well, into which a simple 
hand suction pump being introduced, 
the syrup is pumped from each jar daily 
into the adjoining one. A slight fer- 
mentation next |akes place in most of 
the jars, but this, so far from being 
harmful, is regarded as necessary, but 
is not allowed to go too far. There is 
yet another stage, and that., perhaps, is 
the mosif' import ant, through which the 
peel has to pass before it can be pro- 
nounced sufficiently saturated with 
sugar.* It is now boiled in* a still 


stronger syrup, of a density of 40° by 
flu* testing tube, and this is done in 
large copper vessels over a slow coke 
1 fire, eaie being taken to prevent, the 
I ped ad liering to the sj^e of the vessel, 
by gmit I \ .stirring with a long paddle* 
belle. 'I bis set end boiling occupies 
1 about one hour. Taken oil the file, the 
i \essois are carried to a largo wooden 
I trough, over which is a coarse open wirg 
| netting. The contents are poured over 
this, and tin* peel is distributed over the 
, sin lace of the netting, so that the syrup 
— now thickened to tin* consistency of 
tioach — may drain ofi the surface of the 
peel into the trough below*. The peel 
i has now taken up as much sugar as is 
. necessary. Next comes the final process, 

| t N* true candying, or covering the sur- 
, face of the peel with the laier of sugar 
cn stills, which i-i seen on all candied 
fruits. To ellcct this a quantity ot 
fi ystallised sugar — at Leghorn the same 
quality of sugar is used as is employed 
I in the preparation of the syrup — is dis- 
! solved iu a little water, and in this the 
I now dried peel, taken oil the wire net- 
ting, is immersed. The same copper 
vessels are used, ..nd the mixture is 
again boiled over a. slow fire. A short 
boiling will suffice for this last process, 
for the little water will quickly be 
driven olf, and the sugar upon cooling 
will form its natural crystals over the 
mu face of the fruit. Loured ofi’ from 
I best* vessels, it is again dried upon the 
surface of the wire netting, as befoue 
described. The candying is now com- 
plete, and the candied peel ready for 
the packing-room, to which it is carried 
in shallow baskets. in the packing- 
room may be seen hundreds of boxes, 
of oval shape and of different sizes, for 
each country prefers its boxes to be of 
a particular weight. 

Plants. — Dried Plants, — Dried 
plants are apt to be destroyed by in- 
sects, and large col lections would soon 
become the prey of the larval of Anobium, 
J'tinus , &c., were not the ’precaution 
taken to protect them ‘against the at- 
tacks of thqpe pests. 

Certain persons are content to^keep 
| their plants in tightly closed cases in 
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which tlicy place plienic acid, camphor, 
or oil of thyme. Others, once or twice 
a ye.'ii, place their packages of plants 
in a htx especially constructed for the 
purpose, ami therein impregnate them 
with tiie vapoh of sulphide of carbon, 

II ow dangerous it is to handle this 
substance is well known, and it should 
he used with great caution. The sul- 
phide box should be lined with zinc, and 
* should he closed hermetically by a well- 
adjusted cover, whose prominent flange 
enters a gutter, which may he tilled 
with water, and which is allixed to the 
upper part of the box. After placing a 
xessel containing a certain quantity of 
sulphide of carbon at the bottom of the 
box, the packages are put m place, each 
being partially opened, so that the 
vapour disengaged may penetrate every- t 
where. After the box is closed, it should | 
remain so l.»r several days, after which 
the cox er is remo\ ed, and the packages 
are exposed to the air until the odour of 
the Sulphide has entirely disappeared. 
There is a process of preservation which 
is more geuerally employed, and which 
consists m immersing the specimens in 
the following solution: — 

7 per cent, alcohol ... 1 qt. 

Bichloride of mercury ... 1 * oz. 

This liquid is a very violent poison* 
so the use of it requires great precau- 
tion. The following formula is some- 
times preferred, because the sublimate 
^preserves its properties more intact : — 

‘.tO per cent, alcohol ... 1 qt. 

Water * ... 2\ 

Bichloride of mercury ... 1 J 

Muriate of ammonia 

fhe bichloride is dissolved in the alco- 
hol, the muriate in the water, and the 
two solutions are mixed. 

The plants are immersed in the liquid 
as follows : A deep porcelain plate of 
rectangular form, and a little larger 
and wider than the herbarium paper, is 
filled with the solution and placed upon 
a table betw’qfu a package of plants to 
he poisoned and a package of driers. 
Tl|f n the pickets are deti&hed from* the 
first specimen, so that they may not be 


1 ruined by a stay in the alcohol, and, as 
I a greater precaution, in order to prevent 
any soiling contact, they are lixed with 
I pins so that they project externally 
i upon a wrapper. A good supply of 
| wrappers should he within reach. This 
i wrapper thus prepared is placed upon a 
drier, and then, witn wooden or whale- 
bone nippers, u Kig. 2b4, the specimens 
1 are seized and immersed in the liquid. 

| Nippers made of metal should never be 
Used for this purpose. The form figured 
is the one adopted at the Museum of 
Natural History, and can he easily made 
by any one lor himself. 

After the specimens have remained in 
the liquid for a short time, they are 
taken out with the nippers and allowed 
to drain ; then they arc placed in the 
cover, whii h is closed and coxered with 
a drier. The same operation i* per- 
f<» lined on tin* rest of the specimens. 
As soon as a large enough package has 
been formed it is put ill a well-aired 
place, so as to permit of the evaporation 
of the alcohol. At the end of *24 hours 
it is necessary to replace the damp driers 
by dry ones. A longer stay in them 
w ould blacken the specimens. 

It must not be thought that the speci- 
mens thus prepared are for ever proof 
against the attack of insects. The her- 
barium should he often inspected, and a 
few drops of preservative liquid be 
thrown upon such specimens as are 
beginning to be attacked. This opera- 
tion may he very easily performed with 
the bottle represented in Ik This is 
closed with a rybher stopper, through 
which pass two^lass tubes, oue for the 
passage of the liquid and the other for 
the entrance of air. 

fVrtain families of plants are much 
more sought after than others by in- 
sects. As a general thing, fleshy plants 
and those that contain starch are the 
first ones eaten ; t hi^ grasses, ferns, and 
mosses, on the contrary, are very rarely 
attacked. After the plauts have been 
poisoned, it only remains to arrange 
them in the herbarium. To»this effect, 
they are fixed upon simple sheets of 
strong, sized paper, in such a way that 
they will hold well. Thus % prepared 
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they are ]mt m wrappers. The mean amined when necessary. Several aperies 
dimensions of the mounting paper are | should never he fixed upon the same 
12x18 in. | sheet. 




Priori in;; botanical sp ummiH. 


For fixing the specimens, use .small 
straps of gummed paper arranged here 
ami there in such a way (c, Fig. 
as to hold all the parts, without, how- 
ever, concealing them. Instead of straps 
some persons use rpins. but the use of 
these is more diflicult, and they ha\e 
the drawback of breaking the delicate 
parts of plants by their contact. The 
specimens # must not be /fined to the 
paper, but should be detachable at will, 
so that they can be thoroughly cx- 


I nrge specimen*, the lichens, with 
their support, and <ortain fungi can be 
fixed only upon very strong paper or 
ex eii upon cardboard, and it is some- 
times indispensable to sew them on with 
cord. In order to prevent them from 
injuring the neighbouring plants in the 
package, good cushions {>f soft paper 
should be interposed. Jn all cases sufli- 
cient space should be reserved at the 
bottom of the sheet for the reception of 
the labels. r lh the left is placed that of 
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Dir collector or of the person from whom lopes, ami whenever it is desired to 
the specimen was received. This label make an analysis, it is better to use 
should always be carefully preserved, them than to injure one’s collection, 
for it is the one that must give authoi it y The sheets filled with specimens are 
in the case of doiiht. J t. should hear placed m w rappers, and it only remains 
the number and the notes taken in the t*> t lassifx them by families’ and put 



I‘i earning hotmie.il specimens. 

• • 
memorandum hook. When it is a them hi packages, which should h* ar- 
questimi of cj'sicctti , , that is to say, ot ranged in tight. cases in a diy place, aui 
collections of which several examples where the temperature is as equable as 
exist, the numbers permit of easily 1 possible, ("ate should he taken to allow 
finding the names of the plants when , nothing to entei the room devoted to 
Jht: latter are described and published, the eolleetion tint could attract insect**, 
lo the right is plaeed a label hv itself i and ne\er to allow •plants to enter it 
Miflieiently largo to allow bibliographic ; that have not first been poisoned, 
data and observations to bo added to the 1 Sex oral sheets on which are mounted 
name. The flowers and fragments that ■ species belonging to the same genus 
become detached during the preparation \ may he enclosed in the MU\|p wrapper, 
of the specimens must not he registered, ! To the upper right hand corner of 
hu^ should he preserved in small eftve- ! the xviapper should be glued a small, 
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conspicuous ticket bearing the name of 
the species. This renders researches 
much easier. 

Conspicuous tickets are also used for 
the genera, but these are lixed upon 
simple, sheets, so that they can be easily 
shifted. They must be very distinct 
from the preceding. They may, for 
example, he made longer, and of a dif- 
ferent colour. They an* usually at fixed 
to the middle of the sheet. The fannlv 
ticket should be larger still, and also of 
another colour. It is fixed to the left 
of a simple sheet. 

The herbarium packages should not 
be too bulky. They are kept between 
cardboards, fastened together with 
straps. 

An excellent measure taken at the 
herbarium of the Paris Museum consists 
in placing the species, according to then- 
country, in wrappers bearing labels of 
vaiious colour^, corresponding to the 
5 parts of the world. White indicates 
European species, yellow represents those 
of Asiatic origin, blue is for Africa, green 
for America, and red for Oceania. This 
arrangement permits of easily finding the 
species in which one i> interested when 
lie is making researches upon the flora of 
ft region. Resides, it shows at n glance 
the geographical distribution of each 
species, genus, and family. 

Fruit *. — A collection of fruits is the 
indispensable complement, of the herba- 
rium. To render work easier it is as 
well to place it as near the latter as 
possible. 

After well washing the freshly- 
gathered fruits in order to free them 
from foreign matter (care being taken 
during the operation not to rub them in 
such a way as to deprive them of certain 
important characters, such as colour, 
viliositv, etc.), they are put into jars 
containing alcohol and water. These 
fruits should carry 4 a securely fastened 
parchment label, on which is written 
the number of the memorandum book. 
The lead pencil has the advantage over 
ink that t' e writing doe*, not become 
effaced in alcohol ; yet for greater safety, 
it is preferable' to form the numbers 
with a punch. A series of figures does 


] not cost very dear, by reason of the 
| security offered by the tickets that it 
permits of making. 

If a person is travelling, and wishes 
I to ship the fruits, lie will merely have 
to close the jars tightly itli good corks, 
coxcrvd with a thick layer of bottle 
wax. Sealing wax dissolie* in alcohol, 
and it i* therefore very important to 
have corks that adjust themselves per- 
' fectlv to the vessel if one wishes the 
corking not to be defective. The jars 
should be carefully packed to prevent 
breakage. They' should he neconi]>anied 
with a catalogue hearing notes from the 
memorandum book opposite the num- 
bers. 

When it is desired to arrange the 
fruits, it is often necessary to change 
I the alcohol, which, in certain cases, 
rapidly darkens. The liquid slum Id be 
i changed several times, until it remains 
of sufficient, limpidity. 

A large number of systems have been 
devised for closing the jars. A cork 
stopper, when of good quality, has the 
advantage of being easy to insert and 
extract, and that is to be taken into 
consideration if i* is necessary to ex- 
amine the specimens often. At the 
museum are used jars with a lip, which 
are covered with glass discs, held by 
glaziers’ putty. After the latter is dry, a 
piece of bladder is glued to the disc, and 
its edges are tied around the neck with 
a string. Finally, the whole is covered 
with thin tin foil. There is nothing, 
further to do but to put a label on the 
jar bearing the name of the fruit, its 
origin, and the name of the collector. 
As the same number is carried by the 
specimen in the herbarium and the jar 
containing the fruit, it permits of easily 
bringing together these parts when it is 
desired to study them. 

l>ry fruits are simply put into glazed 
boxes or into bags or jars. 

The classification of thf* collection of 
fruits should be done in the same order 
as that of the herbarium. 

Wood. — Specimens of woods should 
be kept in a separate room from that of 
the herbariuid. They usually contain 
numerous insects’ eggs, and, from time 
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to time, they should be put into the 
sulphide of carbon box. They should, 
at* far as possible, be of uniform dimen- 
sions and, in order that tin* struct me 
of the wood ivjiv be well seen, tin* same 
species sh<>uld*be represented by longi- j 
T tudinal and transverse sections. c, f. < 
Specimens of wood should be labelled 
and classified with the same care and in : 
the same order as the other collections. 

(Hast fiijiattiun of Collections. — it is 
indispensable to classify collections and J 
4o catalogue them, so that the objects 
that they contain may be easily found, 
and one may know wliat. he owns. The j 
(.lining uc should be numbered, and the j 
numbers placed upon the tickets of the 
genera and species to which they curie- j 
spend. This considerably facilitates 
researches. In order to avoid beginning 
a new numbering every time that ad- 
dition'! are made, it is necessary t«> take 
works for one’s guide that, as far as 
posable, contain the total number of 
genera or species of the region that one 
has taken as a limit. (L t Xatun .) 

j Wood. — An interesting account, of a 
new' process for preserving wood was 
lately given in a paper read before the 
Western Society of Engineers, Chicago. 
The method referred to is know n as 
the zinc-creosote process, dead oil and 
chloride of zinc being the active agents 
employed. It is specially suitable for 
railway sleepers, bridge timbers, and 
for situations where wood is exposed to 
• any grouty degree of moisture. The 
timber is first of all steamed in a 
vacuum^ the oil is then injected into 
the cylinder in w hich the wood is placed ; 
after which the chloride of zinc is 
applied by pressure. It is said that the 
oil penetrates the pores of the wood to a 
certain extent, and the chloride of zinc 
goes to those portions unreached by the 
oil. According to the w r ritcr of the 
paper, J. P. Card, the method will give 
the best results of any process for the 
money spent. 


CORROSION AND PROTECTION 

oe Mktai, Surfaces. 

Some substances are applicable to the 
preservation of most, metallic surfaces, 
and may therefore be mentioned before 
dealing with those which can be applied 
only with discrimination. Such may 
be said to consist chiefly of solid hydro- 
carbons in combination with liquid 
hydrocarbons, etheric or fatty oils. 
Amongst the solid hydrocarbons, pre- 
ferably india-rubber, paratlin, and ozo- 
kerit are used ; whilst among the liquid 
hydrocarbons and oils, rectified petro- 
leum, ligroine, and turpenline-oil are 
preferably applied for the manufacture 
of the above composition. A valuable 
combination is produced by melting 1 
part of paratlin under moderate heat, 
(about K.) in a closed vessel, and 
by then adding and mixing ‘2-4 parts 
of rectified petroleum, ligroine, or tur- 
pentme-oil, with the melted paratlin. 
According to the greater or lesser quan- 
tity of liquid which is added, the con- 
sistency of the composition varies. It 
can be applied to the surface of the 
metals by means of astifl brush. 

Copper. — The corrosion of copper 
by oxidation on exposure to the air takes 
place very slowly, the metal becoming 
soon coated with a skin of carbonate 
commonly called “ verdigris,” though 
that name is correctly applied to a basic 
acetate of copper. This familiar film 
on the surface of exposed copper consti- 
tutes a protection against further oxi- 
dation. The Kction of salt water on 
copper which is also accessible to the 
air is rapid, but may be in some degree 
modified by alloying a small proportion 
of phosphorus with the metal. I)r. 
Percy has made the remark* that for 
more than a century European metal- 
lurgists have beenVamiliar with small 
thiu bars of cast copper, of Japanese 
manufacture, which present a beautiful 
rose-coloured tint, due to an extremely 
thin and pertinaciously odUerent film of 
rod oxide of copper, or cuprous oxide. 
This tint is not in the least degree 
affected by free exposure of hhe bars to 
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the atmosphere. He has had such bars 
in his possession for more than ,*>•► years, 
and although they have hern, freely ex- 
posed to the atmosphere during t he 
whole of that period, \et they have 
not undergone tiie least change m ap- 
pearance. Every one knows that when 
a piece id' ordinary copper is exposed to 
the atmosphere, it speedily acquires a 
dark-coloured tarnish, lienee the con- 
clusion that there is some peculiarity 
oil the sm lace of the Japanese copper, 
which protects the underlying metal 
from atmospheric action, and that pe- 
culiarity, it may he demonstrated, is 
the presence nt a film of cupnui oxide, 
in a particular phxsiial state, which 
acts like varnish. The bars of Japanese 
copper are actually cast under water, 
lie metal and the water, previously 
heated to a certain degree, being poured 
at a high temperatme. When copper 
is so cast, under suitable conditions of 
temperature, it acquires a coating of 
cuprous oxide, which acts in the manner 
described. The temperature is sm h 
that the so-called spheroidal action of 
water comes into play, and the metal 
llows tranquilly under the water. The 
superficial oxidation is probably duo to 
the action of a film ot steam, which 
there is reason 1o believe surrounds 
the copper under these conditions; and 
when copper is heated to a high tem- 
perature in steam, the latter, as shown 
by Regnault’s experiments, is decom- 
posed, with the evolution of hydrogen, 
and the formation of cuprous oxide. 

Iron and Steel. — The different 
varieties of iron and ^teel an ill not 
oxidise (rust) in drv **air, or when 
wholly immersed in fresh water free 
from air, hut they all do so when ex- 
posed to the action of water or moisture 
and air alternately. Very thin iron 
oxidises more rapidly than thick iron, 
owing to the scales of rust oil the 
former hung thrown otf as soon as 
formed in coiisequ of the expansion 
and contraction from alternations of 
temperature. Iron plates are more 
durable wlura united in v .asses than 
when isolated. The oxidation of iron is 
to a great extent arrested by vibration. 


The comparative liability to 

oxidation 

of iroioaiul .steel in moist air, 

according 

to Mallet, is — 


Cast iron 

TOO 

Wrought iron 

1‘2‘) 

Steel 

i:*»3 


Cast iron does not rust rapidly in air.* 
When immersed in salt water, however, 
it is gradually softened, made porous, 
and converted into a sort of graphite. 
Mallet found that the rate of corrosion 
decreased with the thickness of the 
casting, being during a century • 
-• (l in. in depth for castings- 1 in. thick, 
j Stevenson tumid the decay to be more 
I rapid than this. 

Wrought iron oxidi-.es in moist air 
11101 e rapidly than cast iron. The evi- 
dence as to its rate of corrosion in salt 
water is rather contradictory, llennie 
found that it corroded less quickly than 
cast iion, hut Mallet’s experiments 
show ed that it corroded more quickly. 

Steel vests very rapidly in moist air, 
more quickly but more uniformly t'iian 
xvrought iron, and far more quickly 
than cast iron, l.ow shear steel enr- 
i odes more quickly than hard cast steel. 
Recent experiments how that steel im- 
mersed in salt water is at first corroded 
more quickly than wrought iron, but 
that it*> subsequent corrosion is slower, 
and the total corrosion after a long 
period of immersion is less than that of 
xvrought iron. 

Jn the course of a paper read by 
McElmv before the Western Society of 
Engineers, on the causes of corrosion 
in east-iron pipes, the author observed 
that a prominent cause of corrosion is 
the class of materials used, and also the 
method of the manufacture of pipes iu 
ordinary foundries. In the first place, 
a cheap and easily melted pig is selected 
— specifications and the inspection of 
quality and mixture not being strict — 
and the eastings (for convenience of 
handling) are generally made in green- 
sand moulds laid at. a slope of about 10° 
from the horizontal, impure metal is 
therefore run in a way that aggravates 
its defects. The core bars are coated 
with ’straw rojies, which may#bc mot# 
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nr less snft aild loose, mated with lnjilii 
more nr less soft and wet, and .sprinkled 
with sand. 

If not very carefully wedged, these 
bars will rise; and they are seldom st.lf 
enough to resist the upward pressure of 
tin* niolt'*n imVal. The usual sprint; at 
' the centre for the cure of an tt-ui. pipe 
is in.; nr as much as in. with 

a ti-in. pip« . The metal. poured m 
from tin* ujiper end, first, tills the lower 
section of the mould; and a- it rises 
round the core to till the upper seetioii, 
jits weight, spiiugs the har upward to 
the extent indicated, making the i asting 
tlueker at the lower, and tluniur at 
tin* upper side. 'The denser, lud h r, and 
pmer metal tills the lower portion; tin* 
impurities naturally floating upw.ud to 
settle in the thinner metal as it cools. 
Here gather portions of the sind < oatiug 
of 1 ln* mould : v lnle tin* luihhli s of the 
metal, caused by the development of gas . 
from the vegetable matter of the loam, 
and from its dampness, tend tn perpe- 
tuate themse]\ es- in Misters and air f***l 1 s. 

'The usual defects in these cheap east- 
ings are, theiutbre, inequality in thick- ( 
ness, air cells and blisters, sand hides, 
cold chutes fiom chilled metal, and 
mixtiire- of sand an i iron. Such pipes 
are also frequently out of line, from the 
clVcct of unequal contraction. Pipes of 
this description are peculiarly liable to 
corrosion; containing as they do mix- 
tures of metal of dilleivnt densities, to- 
gether with much graphite. Tin* du- 
ration of such pipes in the ground is 
largely n Heeled by the amount, of dis- 
turbance they leceixe. If well laid at 
a good iff p tli, aud thoroughly hacked, 
they may continue serviceable for many 
years; blit, their defects are likely to j 
become suddenly prominent upon com- j 
paratiudy slight external interference. 
In favourable circumstances they mav 
last, more than thirty years; but the 
majority, if tested after less use, will 
fehow Raws Jhat would have ensured 
their rejection if detected when new. 

(5run»r has lately published the 
results of a # yeni\ researches into the 
comparative oxidis.iMlity of cast, iron, 
st^el ; and'buft iron, uridcilthc influences 


! of moist air. sea water, and undulated 
| water. Having done justice to the 
j e.ulier labours of Mallet, Phillips and 
i Parker, he explains the arrangements 
1 Hindu to secure a poifertly fair trial. 

■ The following results were obtained. 
The experiments with liioKt air are 
still proceeding ; hut so tar, it was 
found that in ‘JO davs the .steel plates 
lost grin, tor every ‘J sq. decimeters 
j of mu face, t’hnune steel rusted more, 
j and tungstated steel less, than the 
! ordinary oarluiretted steel. Past iron 
j lost only about half as much as the 
! steel, and spiegeleisen less than grey 
, non. Sea water dis.s.dves non rapidly, 
aud acts upon it moje prwei fully than 
<*n steel, most powerfully of all upon 
spiegeleisen. ln 0 dux s, i he steel plates 
with J sq. dec iiuet er-* of sui face lost 1-‘J 
grin., while l>rs>eim*r metal lost 
nun, ]dn»sphoiised iron b gnu., and 
spiegeleisen 7 grin. Tempered steel 
was ]e-s allected than the same steel 
twice annealed, soft steel less than 
( hronie steel, and tungstated steel less 
than tin* ordinary steel with the same 
proportion of cmi lion. It is evident from 
those experiments that manganese; sheets 
ought, not. to be used on the hull of a 
vessel. Acidulated w ater dissolves cast 
iron much more rapidly than steel, hut 
not spiegeleisen. (/.«/ ,1/i7u//i/#*«//c.) 

ln the i listing of iron there is formed, 
together with an evolution of hydrogen, 
which combines with nitrogen, forming 
a sm ill quantity of amuioni i, ferrous 
caihonate. This changes very quickly 
inf*' feme hydrate, mixed with ferrous 
oxide, and enclosing some unaltered 
fei rous carbonate. The presem e in rust 
of ferrous oxide, carbonic acid, and 
ammonia, is thus explicable. Rust, 
formed under water is, in consequence 
of the smaller amount of acid present. 

uallv nehui in protoxide of iion, and 
therefore a litth- magnetic, and of a 
deeper tint than that formed in air. It 
is accordingly assumed that the car- 
bonic acid present in the atmosphere 
and m water ai ts, in the production of 
lust, similarly to those aotfs iu which 
iron dissolves, the only difference being 
| that, in the rutting of iron, the ferrous 
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salt first forint'il changes, before it is 
dissolved, into basic ferric salt or ferric 
hydrate, which change is a natural 
result of the solution of iron in an in- 
Kullicicnt. quantity of the acid or water 
present, or both. The denser the iron, 
the smoother and more exon its sin lace, 
the less is the contact between it and 
the attacking substances, and, under 
otherwise similar conditions, so much 
the better, of course, will it withstand 
rusting. If the latter lias begun, it 
promotes its own further formation, as 
rust, like other porous bodies, absorbs 
gases and therefore takes np moisture 
and acids from the air. Besides, where 
rusting has already begun, the change 
from the first- for mod ferrous compound 
to ferric hydrate is attended by a setting 
free of the active acid, which is then 
in a condition to act powerfully in the 
formation of fresh rust. Bust already 
formed must therefore he quickly re- 
moved, in order that a new' layer shall 
not he produced. Busting, being pro- 
moted bv acids existing m the air, is 
also accelerated by those present in 
water, and for this reason iron is de- 
stroyed more quickly m marshes and 
bogs than in lakes or considerable cur- 
rents of water, which are generally 
comparatively free from acids. The 
tendency of iron to rust is also increased 
by some salts dissolved in wnier. Thus 
it is explained why pieces of cast iron 
can, by long immersion in sea water, be 
changed to loose masses, retaining the 
same outward form, but consisting 
essentially of carbon. Iron which has 
been metamorphosed in this manner 
contains more carbon ,in proportion to 
the completeness with which the iron 
itself lias been dissolved. The mass, 
when taken out of the water, possesses 
n low specific gravity, and smh great 
porositj that a condensation of air and 
simultaneous rise of temperature take 
place, sometimes sufficient to cause the 
spontaneous ignitibn of the whole. If 
a substance negative to iron, such as 
scale, tin, &c., partially covers its sur- 
face, the portions coated are of course 
protected, thut the uncownred portions 
are ouly so much the more liable to 


rust: therefore, before coating pieces of 
iron with oil-paint, one should five them 
from all scale by the action of dilute 
acid. If, as appears to be the case, 
contact with impurities renders iron 
positively electrical, their existence in 
its interior must also promote rusting. 
Thus, forged iron uppers to rust, fust 
along the hands of impurity occurring 
in it. A partial coating of a metal 
positive to iron, such as zinc, not only 
protects the hovered portions of the iron, 
but also hindeis the rusting of the un- ’ 
protected parts, the more completely, 
indeed, the smaller they are. A coating 
of fat also protects iron, for some time ; 
hut when the fat, by absorption of 
oxygen from the air, has become lancid 
ami in part changed into fatty acids, 
the tendency of the iron to rust is in- 
creased. From the part which galvanic, 
j inti lienees take in the rusting of iron, it 
i follows that those substances positive to 
! mm, which, wh«»n in mere contact with 
• it, prevent it from rusting, promoU' the 
| same if they are alloyed with the iron, 
because such alloys are in general 'more 
positive than iron itself. Thus, manga- 
nese allox ed with iron promotes the 
tendency of the latter to rust. So long, 
however, as the quantity of manganese is 
uniform and not too large, its effect in 
this direction is inconsiderable. If, on 
the other hand, the quantity is uniformly 
distributed, the rusting of the portions 
of iron richer in manganese, and there- 
fore more positively electrical, must he 
} greatly promoted by contact with those 
| parts poor or in manganese; hence tlu^ 
j presence of unequally distributed quan- 
j tities of manganese appears to largely 
j augment the tendency of iron to rust, 
j Association with electro-negative sub- 
stances, such as carbon and phosphorus, 
diminishes the tendency of iron to rust, 
if the quantities of the elect ro-negative 
substances be evenly distributed through 
its whole mass. But iron poorer in 
metalloids in contact with iron richer 
in these bodies, becomes ip ore positively' 
electrical, and thus the rusting of the 
poorer portions proceeds more rapidly. 
Sulphur is an exception, among the 
metalloids, inasmuch as it promotes 
4 - 
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rusting. Forged iron rusts more easily, j 
With an increase in the amounts of 
carhon, silicon, and phosphorus present 
in iron, the tendency to rust diminishes, j 
so that cast, iron is the more capable of 
resistance to rusting;, accordingly as it 
contains more combined carbon, silicon 
ami plmsphori^, and becomes denser, j 
"Grey east iron is, as is well known, \ 
poorer m combined carbon and less dense ! 
than white. Uoth characters induce a ; 
greater tendency to rust. 1‘erhaps the , 
* mechanically-contained graphite also j 
contributes to this, as galvanic action | 
may arise from its contact, with the j 
iron. In spite of its lower density, and , 
the contained graphite, gioy cast iron 1 
withstands rusting better than steel, ! 
although the amount of combined carbon : 
in the latter is probably at least, as large 
as in the former. This is probably ac- 
counted for by iho greater freedom of 
steel from silicon and phosphoius. The 
circumstance that grey iion smelted , 
with coke is less soluble than that ob- 
tained from charcoal may be similarly 
explained, viz., by its greater pioportmn 
of silicon, and probably aKo, phosphorus. 
Spiegeloisen withstands rusting bettor 
than granular white cast iron, by reason 
of its greater density and larger amount, 
of carbon. Elaborate experiments in 
connection with this subject were made 
by Parker, whose results are for the 
most part in accordance with the fore- 
going statements. (Akennan.) 

Protection. — (1) Galvanising consists 
in covering the iron with a thin coating 
.of zinc. The iron is cleaned hv being 
steeped for .vfime 8 hours in water con- 
taining about 1 per cent, of sulphuric 
acid, the£ scoured with sand, washed, 
and placed in clean water. After this 
the iron is heated, immersed in chloride 
of zinc to act as a flux, and then 
plunged into molten zinc, the surface of 
which is prot< cted by a layer of sal 
ammoniac. The process differs slightly 
according to the size and shape of the 
article. It is a simple one, and may he 
applied to small articles in any work- 
shop. Kirkahly found that galvanising 
does not injure iron in any way. The 
zinc protects the iron from oxidation so 
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long as the coating is entire ; hut if the 
sheet iron be bail, or cracked, or if the 
zinc coating be so damaged that the 
iron is exposed, a certain action is set 
up in moist air which ends in the de- 
struction of the sheet. 

The sheets are generally galvanised 
before they arc corrugated ; but as in 
process of corrugation the sheets, espe- 
cially the thicker ones, sometimes cr*o k 
slightly ou the surface (unles-. the it on 
is of the \erv highest quality), it is an 
advantage, with all sheets thicker than 
*J0 gauge, to galvanise after corruga- 
tion, so as to Jill up with zinc any 
cracks that may have occurred. As, 
however, a larger quantity of zinc ad- 
heres to the corrugated than to the flat 
sheets, they have, when so coated, a 
distinctly higher value. (Matheson.) 

(J) Painting is an cllcctual method 
of pieserxiug iron from oxidation, if tlui 
paint is good and properly applied, an l 
the n«>n m a pioper condition to le- 
ithc it. Iii order that the protection 
l>\ painting may continue, the suil.i-v 
should be carefully examined from time 
to time, so that all rust may be n- 
luoxed. The paint may be renewed 
directly it is necessary. 

Cast iron should be painted soon after 
it leaves tin* mould, before it has time 
to rust. The object of this is to pie- 
serve intact the hard skill which is 
formed upon the surface of the metal 
by the fusing of the sand in which it is 
cast. After this a second coat should 
be applied, and this should he renewed 
from time to time as required. In any 
case, all rust upon the surface of cast- 
ings should he carefully removed hefmo 
the paint is applied. Small castings 
are often japanned. Tleforc painting 
| wrought iron care must he taken to 
remove the hard skin of oxide formed 
upon the surface of the iron during the 
process of rolling, and which, bv the 
formation of an almost impel ceptihle 
rust, becomes partlv*loose and detached 
from the iron itself. An attempt to 
prevent this rusting is sometimes made 
by dipping the iron, while still hot, in 
oil. This plgin, however, if expensive, 
and not very successful. The scale i> 
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sometimes got rid of by 44 pickling,” the 
iron being first dipped in dilute add to 
remove the scale, and then washed in 
June water.- If the trouble and ex- 
pense w ere not. a bar to its general 
a loptmu, this is the proper process for 
preparing wrought iron for paint, and 
it is exacted occasionally in wry strict 
specifications, but somewhat the same 
result m. iy be obtained b\ allowing the 
iron work to rust, ami then scraping 
..if the scale propamtory to punting. 
If some rust remains upon the iron, the 
paint, should not he applied lightly to 
it, but by means of a bard brush should 
be mixed with the rust. Ordinary lead 
j*amts, especially red lc.nl, sue often 
used for protecting iron work, but limy 
are often objected to on the ground 
that galvanic action is set up between 
the lead and the iron. Mathe»on re- 
commends oxide of iron j»aints lbr iron 
work generally, and bituminous paints 
for the indie of pipe-, or lbr ironwmk 
lixed under water. The ironwork for 
roofs, bridges, and similar struct in os, 
generally receives one coat of paint 
before it leaves tin* shops, and t 
three more after it is lixed. 

(o) I)r. Angus Smith’s process is an 
admirable humus for preventing cor- 
i obion in cast-iron pipes. The pipes 
having been thoroughly cleaned from 
mould, sand, and rust, are heated to 
about 7<M)° F. They are then dipped 
wrtically into a mixture consisting of 
coal-tar, pitch, about b-d j»er cent, of 
linseed oil, and sometimes a little resin, 
floated to about boo F. After remain- 
ing in the mixture several minutes, 
long enough to acquire*the temjierat ure 
of F., the pipes are gradually 

withdrawn and allowed t.o cool in a 
vertical position. lVrfect. cohesion 
should take place between the coating 
and the pipe, and the former should he 
free from blisteis of any kind. In 
practice, the heating of the pipes be- 
fore immersion is found to be very 
expensive, and is frequently omitted. 
However, many engineers consider it 
essential for really good wrork. 

(4) All turned, fitted, and tooled 
surfaces should ha\ca coating of tallow 


mixed with white-lead to deter its 
melting and running off. Dr. Percy 
recommends rosin melted with a little 
(iallipoli oil and spirit of turpentine, 
of such proportions as will make it 
adlicic firmly without chijqung oil, yet. 
admit of bring easily detached by gentle 
scraping. 

I (b) Ventura Surra, after many years 
I of experiment and observation, having 
i notice 1 that, knives used in cutting 
i plants belonging to the family of Ku- 
jdiorhiacc.T did not rust, is led to re- 
commend for this purpose an alcoholic 
solution «d‘ gum (resin of) euphorhium. 
This when ajqdlcd to steel, iron, or 
copper, forniN a thin, uniform, and very 
adherent layer, winch effect unlly pro- 
tci ts the metal. Experiments with 
copper immersed in sea-water — a ship’s 
sheathing — were followed by giatifving 
results. 

(i>) According to the 4 Engineer,* 
.T. Machahce lias some little time since 
invented a composition to preserve iron 
from rust, ajqdicalde also'to other ma- 
terial <•. such as stone or wood, used in 
conjunction with metal. The following 
is the coinjiositiou : Virgin wax, 100 
parts; Gallipoli, l‘J5 ; Norwegian pitch, 
2 <m>; grease, 100; bitumen of .luden, 
100; gutta-percha, 2bb ; red-lead, 120; 
white-lead. 2ui». These ingredients are 
mixed together in a boiler in the order 
above, the gutta-percha being cut u p in 
small jiiecc-, oi rasped. The mixture is 
stirred at each addition, and poured into 
moulds. For iron, it is incited and laid, 
with a In ush. 

(7) Girders, angle-irons, and similar 
large masse-, of iron, are often placed 
in exjioscd situations, where damp air, 
steam, and acid vaj>ours have access. 
If the. iron be put up in the rough, it 
very speedily rusts, and under favour- 
ing conditions the corrosion soon reaches 
a dangerous point.. Contractors gene- 
rally agree to supply such irons painted 
in three coats of minivni, which, if 
honestly done, to a certain extent pro- 
tects the metal ; but a novel' mode of 
treating girders is to heat them until, 
if touched with oil or fat, they cause it 
to frizzle, an 4 then plunge tjhem in|o a 
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vat of mixed oil and grease. This inode 
of treating cast iron is said to be superior 
to any “ painting,’* as the oleaginous 
matter actually penetrates the pores, 
and prevents oxidation for a very long 
time, while it does not prevent painting, 
ii desirable, aftJtw ards. 

*■ (8) 'l'lie results of some experiments 
on the preservation of sheet -irgn used 
in railroad bridges have been published 
by the directory of the (lovernment 
i ail roads of the Netherlands. From 
sheets half was cleaned by immersion 
lor ~4 hours in diluted h\drochhuic 
acid; they were then neutralised with 
milk of lime, washed with hot water, 
and while warm, dried and washed with 
oil. The other half was only cleaned me- 
. chnnicnlly by scratching and brushing. 
4 of each kind were then equally painted 
with nd-lead, with - kinds of a red 
paint of oxide of iron, and w ith coal-tar. 
The plates were then exposed to the 
weather, and examined after o \ ears. 
The result was--(n) That the red-lead 
had fSept perfectly on both kinds of 
plates, so that it. was impossible to say 
if the chemical cleaning was of any use. 
(6) That one kind of iron oxide red paint 
bad better results on the chemically- 
treated plate than on the other — in 
fact, a result equal to that of the plate 
painted ith red-lead; while the other 
kind of iron oxide red gave not xery 
good results on the plates when only 
scratched and brushed. (<) That the 
coal-tar xvns consideiahly worse than 
tjje paint and hail even entirely dis- 
appeared from those iron sheets which 
had not been treated chemically, but 
only cleaiffd by brushing. (Aw*/. 
Mvch.) 

(0) Cast-iron Pipes. — The water from 
mines frequently contains enough acid 
to attack cast-iron pipes, destroying 
them in a short time. Oil colours and 
varnishes oiler but a limited resistance, 
•md the process of enamelling employed 
iu Oberschlesi^, says Engel hard t of 
Ibbenburen, although permanent and 
effective, *is expensive. Cement is 
cheaper, and i% unacted upon by these 
waters, and the only question to be 
settle^ was whether it wou'ld adhere to 
5 * 


the smooth iron with sufficient firmness. 
Two similar pieces of rolled iron were 
taken, and one of them painted over 
tunes with a xery thm cement, so 
that the coating was ’ in. thick, lb ith 
pieces weie suspended near together in 
I hat part of the shaft where tiio water 
had attacked the signal cable most 
\ iolently, and were left there 4 months. 
On taking them out, the unprotected 
iron was lound to he reduced to 1 its 
original thickness; the other, in which 
a hole had been bored to suspend it, 
hail si i lie red the same corrosion at the 
exposed portion; the cement- covering 
was daik brown, but perfectly fund and 
unattached by the sunk The cement 
was broken olf, and the surface of the 
n on exhibited the dark-blue colour and 
lustre that it had on leaving the rolls. 
As this coating adhered s«> well to tin* 
smooth lolled iron, to which it cannot 
cling so tightly as to the lougher sur- 
face of cast iion, the experiment xvas 
coni limed on a larger scale. A ‘Jii-in. 
discharge pipe in the Oeyhausen shaft 
was protected on the inside with cement, 
'flu* coating remained unchanged for ‘J 
years, while the pump was in constant, 
operation. At the beginning of last 
winter, the pump was stopped, and the 
pipe being no longer under water, the 
cement was so much injured by the 
frost that it scaled off. Several other 
experiments were made with similar 
results. The pipes should be new, or, 
if old, well cleaned from rust bet ore 
applying the cement, which is mixed as 
thin as is possible without injury to its 
tenacity. The pipe is moistened lie fore 
the cement is applied, a thin coating of 
cement, is put on and allowed to dry; 
when hard, it is moistened, and a second 
coating is applied ; and so on 4 or 5 
times. The operation cannot he con- 
ducted so well in very hot weather, as 
the cement diies too ijuickL ; nor must 
the pipe's be exposed* to host, during 
the operation or afterward. This unfor- 
tunate sensitiveness to cold may perhaps 
yet be overcome by interposing some 
semi-elastic material bctweei# the iron 
and cement. (Iron.) 

(10) Dr. W. II. Sterling’s process 
. U* 
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consists in the impregnation ami satu- 
ration of the structure of the metal 
with a non-oxidising or non-oxidi.sable 
substance, by forcing it into the inter- 
cellular spaces of the metal by pressure 
while the iron is in an expanded con- 
dition, induced bv heating. He gives 
one method by which his invention may 
be applied, and which lie recommends 
as being eminently practical and u-elul. 
A vessel of anv suitable material, of 
sufficient strength, is made in the form 
and size best adapted to those of the iron 
article to he treated, w it H the lid so con- 
structed that the vessel may be closed 
hermetically: at the bottom, pipes are 
arranged for conveying steam and water 
alternately, for the purpose of heating 
and cooling the interior. Ooiiric<ted 
with this vessel is a force-pump, for 
producing the necessary pressure, and 
appliances for obtaining a vacuum. 
The iron to be treated is heated to the 
desired temperature, placed in the above 
vessel, the top i*. closed hermetically, 
and dry or superheated steam is turned 
into the pipes at th« bottom, to keep 
the metal at the required temperature ; 
also, at the same time, an atmospheric 
vacuum is produced by an ordinary air- 
pump connected with the chamber ; the 
proper quantity, sufficient to till the 
vessel, of pure paratliu or paraffin in 
solution with one of the pure mineral 
oils, having been also previously heated 
to the required temperature, is now let 
into this chamber and forced under 
pressure into the intercellular spaces of 
the iron, those having so enlarged by 
the expansion of the'- metal from the 
heat and removal of 'the atmospheric 
pressure as to readily admit the hydro- 
carbon preservative. When the iron 
has remained under this liquid pressure 
a sufficient time, it U gradually cooled 
by turning cold water instead of steam 
into the pipes, the pressure being kept 
up, however, until the iron is cool. 
Certain qualities of iron may be treated 
without the atmospheric vacuum, but 
as the iron expands very much more, 
while grcLter pressure id obtainable by 
its employment, and the additional cost 
is not to be considered he recommends 


its use as desirable. (!«» NvstrancVs 
MiUjazinr.) 

(11) To preserve iron from oxidation 
when exposed to the air, Ueigclmann 
takes the ordinary paint> made up of 
boiled linseed-oil and the oxides of the 
heavy metals, and incorporates there- 
with in the cold about 10 per cent, of* 
calcined magnesia, baryta, or stroii tin, 
which has been previously steeped in an 
equal weight of light mineral oil. To 
preserve iron from rusting in the earth, " 
as, for in dance, 'jn< or water pipes, 
water tanks, the sides of iron ships, tike., 
he melts JUO parts rosin and 25 of 
gutta-percha in 50 of paraffin; tins 
resinous compound is then stirred into 
mineral oil, so as to have the consistence 
of paint, with which are then incur- g 
po rated in the c«dd parts calcine l 
magnesia. In place of magnesia, equal 
weights of caustic baryta may he added, 
according to circumstances. After the 
addition of the magnesia, the mixture is 
anew diluted with mineral oil until it 
can be applied with a brush. To preserve 
pieces of polished machinery or other 
article of iron or steel, and to be able 
to guarantee them against rust during 
carriage, the coating is composed of 
vaseline, or of heavy mineral oils, with 
the addition of 2U to 30 per cent, of 
calcined magnesia. If the coating is to 
serve only for a short time, instead of 
calcined magnesia, the same quantities 
of burnt lime, marble, or dolomite may 
be used. For packing and covering iron 
articles, such as wire, chains, files, &e J , 
cloth or paper may be used, one side of 
which is coated with the lasj -mentioned 
mixture, whilst thp opposite side i* 
rendered impermeable by the applica- 
tion of a layer of eliminated glue. 
(Chrm. Her.) 

(12) In mixing paints for iron sur- 
faces it is of the first importance that 
the best materials only should be used. 
Linseed-oil is the best medium, when 
free from admixture w,jth turpentine. 
A volatile oil like turpentine cannot he 
used with advantage on a non-absorbent 
surface like that of iron, for the reason 
that it leaves the paint a dry scale on 
the outside, which, having ,no coition 
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can be readily crumbled or washed 
away. Linseed-oil, on the other hand, 
is peculiarly well adapted for this pur- 
pose. Jt does not evaporate in any 
perceptible degree, but the large per- 
centage of liuolein which it contains 
combines with Aie oxygen in the air 
and forms a solid translucent substance, 
of resinous appearance, which possesses 
much toughness and elasticity, and will 
not crack or blister by reason of the 
expansion or contraction of the iron 
with variations of temperature. It is, 
however, remarkably adhesive, im- 
pervious to water, and is very difficult 
of solution in essential oils, spit its, or 
naphtha, and even in bisulphide of 
carhon. Another important advantage 
of liuolein is that it expands in drying, 
which peculiarity adapts it to iron sur- 
faces; since cracks, however minute, 
resulting from shrinkages, expose enough 
of the metal to afford a chance of cor- 
rosion, which will spread in all direc- 
tions, undermining the paint, and causing 
it to scale off, besides discolouring it. 
With all its advantages, however, the 
best linseed-oil paint is but poorly 
adapted to long service as a protection 
to iron surfaces exposed to extreme 
variations of temperature ami to all 
kinds of weather. Even the continuous 
film of liuolein, notwithstanding its 
compactness and the additional sub- 
stance a Horded by the body of the paint, 
gradually loses its toughness, curls up, 
and peels off. If chipped by accident 
before it. has **st its hold on the iron, 
we find, if we carefully examine the 
exposed spe^, that a thin film of oxide 
bus formed under it. This fact accounts 
for its diminished adhesion. Iron, in 
uniting with oxygen to form a rust, 
increases its bulk in proportion to the 
amount of oxygeu it has taken up, and 
necessarily occupies greater space. In a 
word, it. swells, nnd in so doing pushes 
oil from it. the paint film, which sooner 
or later drops* away from it. This 
undermining action of rust is the chief 
difficulty £o be contended with in 
effectually preserving iron surfaces by 
means of paints or varnishes. It is not 
improbable that the linoleifc, itself an 


oxide, may impart oxygon to the iron, 
and thus promote rusting. This idea 
has been suggested by Prof. Williams in 
a recent treatise on the subject ; and, 
whilst purely speculative, it may ac- 
count for fhe oxidation of iron surfaces 
when to all appearame effectually pro- 
tected by a coat of paint thick enough 
and continuous enough to exclude both 
air ami damp. In selecting a paint for 
iron, mechanical adhesion is a con- 
sideration of t lie fir^t importance. In 
tiiis respeot paints differ widely; hut it 
must be remembered 1 hat in painting or 
varnishing a metallic surface, mecha- 
nical adhesion is all we June to depend 
upon. With absorbent surfaces it is 
different. Prof. Williams gives it as his 
opinion, based on observation and experi- 
ment, that pitchy or bituminous films 
are especially etfccthe as regards their 
adhesion to iron: for example, solutions 
of asphalt e, or pitch, <r petroleum, or 
turpentine. These are also very ellce- 
tive as regards continuity, owing to the 
fact that in drying they form plastic 
films, which } ield with the contraction 
and expansion of the iron, and show no 
tendency to crack. If the surface is 
rust y, they penetrate the oxide scale 
ami envelope the particle* very effec- 
tually, making them a portion of the 
paint. The solubility of such a film 
may be counteracted by mixing it with 
linseed-oil. The experiment may easily 
be tried by mixing about 2 parts Bruns- 
wick black with 1 of red- or white-lead 
or litharge. Ked-lead is the best for 
many reasons, if finely-ground and 
thoroughly mixed /rith linseed-oil. Any 
one of the several kinds of bitumen may 
be used; oithcr natural mineral asphalte, 
pine pitch, or artificial asphalte, such as 
gas-tar or the residuum of petroleum 
distillation in cases where the crude oil 
has been distilled before being treated 
with acid. This givgss a icry hard 
bright pitch, which is soluble in “once 
run ” paraffin spirit, and makes the 
base of an excellent, cheap durable paint 
for ironwork iu^xposed positions. L)ui- 
ing the past few years haver appeared 
■ many accounts of the preservative intlu- 
I once of’ paraffin wheu applied tp iron 
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surfaces, and recommending it in all 
classes of ironwork which can he treated 
hot. The most effective mode of apply- 
ing it is to heat the iron in vacuo, in order 
to expand it and open its pores, when 
paratlin raised to the proper tempera- 
ture is poured into it. By this means 
the iron is penetrated to a sutficieut. 
depth to afford a very effectual pro- 
tection against oxidation, espe< tally 
when a suitable paint is subsequently 
applicl. Any non-o\idisable substance 
would probably answer, but. paratlin is 
as cheap as any, and quite as good, if 
not better; the exception as to quality 
being made in favour of some vitreous 
enamel, which, while costing more, 
would certainly be more permanent in 
its results. Brushed upon the outside 
merely, it is doubtful whether paratlin 
would have much effect upon the iron, 
while it certainly would tend to lessen, 
if not destroy, the mechanical adhesion 
of a surface paint. There is no reason, 
however, why bridge-work, iron imnts, 
&c., should not be treated with paratlin 
before they leave the shops where they 
were made, which would greatly sim- 
plify the problem of their easy and 
economical preservation from oxidation. 
In the absence of such treatment, a 
careful coating with the paint above 
described will probably prove the most 
effectual means of protecting iron sur- 
faces. (Ainer. Painters' Mat].) 

(Id) The iron is subjected to the 
action of dilute hydrochloric acid, which 
dissolves the iron, and leases on the 
surface a pellicle of homogeneous gra- 
phite, which adheres -.veil to the surface 
of the iron. The piece to be preserved 
is next treated, i.i a hydraulically closed 
receiver, by hot or coll water, or, 
better, by steam, in such a manner as 
to completely dissolve and remove the 
chloride of iron formed. Finally, the 
piece of iron is^eft to dry in the re- 
ceiver, from w'hich all liquid has been 
removed. A solution of india-rubber, 
gutta-percha, or gum-resin in essence of 
petroleum, is then injected. On the 
essence bang evaporated, there remains 
a solid euamel-like coat on the surface 
of the iron, instead of previously 


eliminating the iron salt, it may be 
utilised in forming a kind of vitreous 
enamel. For this purpose, the iron is 
immersed, after treatment with the 
acid, in a bath of silicate and borate of 
soda. A very pure and brilliant silico- 
borate of iron is formed, which closes 
up the pores of the metal. As to thd 
disengaged chlorine, it combines with 
the flee soda, forming chloride of so- 
dium, which remains dissolved in the 
liquid. (Sucnt. Amcr.) * 

(14) Bowcr-Barff process. — Briefly, 
tins process, as now worked, is as fol- 
lows: — The iron goods, whether rusty 
or not, are, without preliminary treat- 
ment of anv kind, placed in a suitable 
chamber sufficiently capacious to hold 
about one ton weight of contents, and., 
this ehamber is heated by the com- 
bustion therein of carbonic oxide gas, 
produced near at hand by several gas 
furnaces, an excess of air over that 
requisite for combustion being admitted 
also into the chamber, after having been 
heated in its passage through coils ol 
pipes placed immediately underneath 
the operating chamber. A film of mag- 
netic oxide forms upon the immediate 
surface of the iron articles, and this 
appears to be surmounted with one of 
ferric oxide (Fe 2 (> 3 ) and it is by the sub- 
sequent reluctiouof this substance by 
means of carbonic oxide that the coating 
of magnetic* oxide is increased to the 
requisite extent. In brief, the excess of 
air present in one stage of the process 
seems to form ferric o^jde, and whjn 
the proportion of air present is reduced 
(as it. may be at will) so that carbonic 
oxide i* present, then the ferric oxide 
becomes reduced to the lower state of 
oxidation, its oxxgen contributing to 
the production of carbonic anhydride. 
The time required varies from 3 to 
12 hours, and the magnetic oxide as 
thus formed exhibits a very pleasing 
French -grey or leaden tint.. Should 
the colour, however, he unsuitable to 
the intended use of the iron articles, 
the more costly metals may be deposited 
upon them. (Kingzett.} 

, Prof. Barff has at various times pub- 
lished further details of the resets of 
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the process. As to the action on the 
strength of the iron, bars treated have 
been tested for breaking and tensile 
strain, and the result is tint the strength 
of the iron is not allotted. The coating 
gives great hardness to the surface of 
.iron, when t her coating is sufficiently 
thick (even less than , l ( . in.). An ordi- 
nary flat rasp will not remove it with- 
out great labour, and it resists emerv 
jmwder, will for a long time resist a 
rasp, and remove pieces of steel from it. 
Substances which adhere to iron, zinc, 
and enamel will not adhere to it. 
Saucepans in which sticky substances 
are cooked can he cleaned with the 
greatc'.t case, after they have been 
oxidised, a simple wipe removing all 
dirt. A urinal in constant, use Jbr 
months had no deposits on it. Water 
was evaporated in an oxidised pan for 
0 weeks — common tap water; the water 
never boiled, but was slow ly evaporated ; 
the deposit found was removed with a 
dust«yr: it did not stick to the iron. 
This is a matter of great importance to 
boilers, and for pipes through which 
water is to be conveyed. Articles coated 
can be submitted to a high temperature, 
even a red beat, without the coating 
being injured or disturbed. At present 
iron wire cannot be ticated successfully 
— the wire can be treated and will not 
rust, but it cannot be bent to a sharp 
curve without the coating coming off. 
Riveted iron plates can be most success- 
fully treated ; the process tightens the 
•ivets and ass : *ts the caulking. Weights 
were treated for the (Joverument, and 
suhinitted^o tests, ami the process is 
now recommended by the department 
ior the standard weights throughout 
the country. Prof, BariF has not yet 
met with any sample of cast, iron w hich 
could not he properly treated. Wrought 
iron requires a somewhat different treat- 
ment ; a lower temperature, about 
W)0° F. (49I>° C.) suits it best, and 
steel also. lfr is not well to expose 
articles very diffoient in bulk at the 
same time; all that are put into the 
jnuffle should+be pretty nearly equal in 
bulk. For instance, very heavy articles, 
auefc as a 60-lb. weight, should not be 


treated with gutter spouts. Cast and 
wrought iron should wot be treated 
together. For the chamber at present 
in use, 2 ft. x 2 ft. 0 in , and 1 ft. 0 in. 
high, the outlay on fuel for subjecting 
the articles within the chamber to 
superheated steam for 10 hours is r*y. 
lu a manufactory this cost would be 
great I \ reduced. A West. Bromwich 
tn m, w ork ing 1 he patent under a royalty, 
inform him that the cost will not ap- 
proach that of galvanising iron, and he 
supposes it will little exceed that of the 
peiiodical three-coat paintings. The 
increase caused by oxidation can be 
estimated, and to fit nut and screw for 
each other, allowance must be made for 
this in casting. As to the treatment of 
riveted ait ides, and the danger that 
the coating film would he removed, 
t licit* is some difficulty in this; he sup- 
poses boilers will he treated in large 
chambers when made up. When the 
rivets were hammered or pressed into 
the plates, the coating is removed, and 
of course these spots would he attacked 
by rust. The remainder of the plates 
might be protected from abrasion; the 
practical difficulty is to re-oxidise the 
rivets in situ . To accomplish this he 
proposes to cover the hand of rivets 
with a porous cap of silicate cotton, and 
to subsequently re-oxidise that portion. 
But even if this were not successful, the 
rusting of the rivets would he of little 
practical injury, as it would take so 
many vears to rust, through a rivet, and 
the corrosion could not spread laterally, 
on account of the repellent character of 
the black oxide. • As to the pressure of 
steam in the boiler, 40 lb. is the ex- 
treme; but they are obliged to use 
considerable force to effect the double 
object of keeping out atmospheric air 
and to efficiently oxidise the surfaces 
treated. The oxidation only proceeds 
till the pores of th^ iron are all filled 
up with black oxide; but xvith very 
thin objects, great caution has to be 
taken, lest they should be oxidised 
tlrrough. 

(1J») The iffethod of prestrving iron 
by forming an inoxidisable film or coat 
upou the surface has been tried in 
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Franco, the process adopted being 
modifications of those patented by 
Barlfand Bower. According to Krafft, 
Bourdon encloses tli« articles to be pre- 
served in a cylinder closed at both ends 
by ri\eted plates, into one of which the 
steam supply pipe enters, while the 
other is supplied with d openings. Into 
one of these a thermometer is fitted ; 
tiie second is supplied with a stopcock 
through which to allow' the water con- 
densed to run oil*. This mu>t he done 
frequently, a** the steam mu>t be as dry 
as possible. To the third is fitted au 
escape-valve for the steam. The most 
favourable conditions for success are the 
following: — The pressure must amount 
to 2 or 'i\ atmospheres, the temperature 
must he from Gild 5 to (>44° F. (.‘h»0° to 
.‘U0° C.), and 5 hours must bo allowed 
for the completion of the operation. A 
coveting of a greenish-black colour is 
obtained, which adheres firmly and is 
perfectly stable. The cylinder is placed 
in a sort of oven, maintaining its shell 
at about ‘ddO° F. (.*»Oii° C.). The ther- 
mometer, plunged in the steam of the 
interior with its registered part pro- 
truding so as to allow' observations, 
showed, however, only fi44° F. (840° ( ■.). 
If the current of steam is stopped, the 
thermometer will almost instantly rise 
to 9d0° F. (:»0O° (\). The coating is a 
perfect success; care must, however, be 
taken that no parts of the articles are 
soldered together bv tin solder, as the 
latter melts at 442°* F. (228° Kvon 
if the connection remains intact, there 
will always he a few minute globules 
of solder detached a»d stains caused. 
Copper must he u^ed 1 instead. In fur- 
ther following up his experiments, 
Bourdon conceived the idea of replacing 
the steam by hot air. He proceeded as 
follows: — A coil of pipe communicating 
at one end W'ith the open air ascends 
gradually through a reservoir heated 
to 248° F. (120°V!.) t whence it enters 
the cylinder in which the articles to be 
operated upon are enclosed. Thi.; cylin- 
der is identical with that used for steam. 
The escape valve leads into a tank con- 
taining water, permitting a better regu- 
lation of the air current. This must 


pass very slowly. The interior pressure 
is but a little above one atmosphere, as 
the apparatus communicates with the 
open air. The temperature of the air 
in the cylinder is 52fi° F. (280° C.); 
the time consumed, 5 hours. A layer 
’-in. in thickness is </>t,ained, capable 
of resisting the action of emery-paper, 
and unalfected by dilute sulphuric acid. 
The layer possesses a line greenish-black 
colour. To ensure perfect success, the 
articles must he suspended completely* 
free. After removing them from the 
apparatus, they arc rubbed with a 
greasy doth ; stains, if any, are removed 
with emery-paper or iron-dust. It has 
been found that with an elevation of 
temperature under pressure of one 
atmosphere a very thick layer is oh- , 
tamed, which, however, scales oil* easily. 
The adherence is, therefore, a question 
of temperature and not of pressure, as 
was formerly supposed. Those pieces 
coated by hot air were for one month 
exposed to the weather without r beiug 
attacked in the least. On removal of 
the exterior black rind, a grey layer is 
discovered below the same, which to 
some extent becomes rusty on exposure. 
The rust, however, does not adhere as 
on metallic iron, but is easily removed 
by scraping with a piece of wood. This 
fact also applies to articles coated by 
steam. Last June, Bourdon tried the 
process ou 400 rifle barrels at once. 
Similar trials have since been made, 
showing the practicability of using it on 
a large scale. The principal point is t|» 
obtain a current of air sufficiently 
abundant to secure a proper thickness 
of the layer, but of a circulation slow 
enough to allow the air to act on the 
iron. The French Government has 
already adopted the process at some of 
its arsenal manufactories. 

( 1 f!) A process of painting, as a substi- 
tute for galvanising, has been invented 
by Neu jean and Deluite, of Liege, it is 
specially intended for objects of large 
dimensions, which cannot easily be 
moved, and therefore cannot W’ell be 
dipped into a bath of melted zinc. The 
zinc, when finely pounded, is simply 
mixed with pil and .siccative. In /his 
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way a varnish is obtained, which is ap- 
plied with a brush in the usual manner. 
A single layer is sufficient, but two are 
preferable. The coated objects can be 
left as they are, or bronzed and painted 
as required. 

(17) An anticorrosion paint for iron. 
If 10 per cent, of burnt magnesia, or 
even baryta or strontia, is mixed cold 
with ordinal y linseed nil paint., and then 
enough mineral oil to envelope the alka- 
line earth, the free acid of the paint 
will be neutralised, while the iron will 
4>e protected by the permanent alkaline 
art, ion of the paint. Iron to he buried 
in damp earth may be painted with a 
mixture of 100 parts of rosin (colo- 
phony), ‘25 of gutta-percha, and f>0 
of paraffin, to which ‘20 of magnesia and 
some mineral oil have been added. 
(Neueste JCrfind.) 

(IS) A simple and economical wav of 
tarring sheet iron pipes to keep them 
from rusting is the following: — 'file 
sectipns as made should he coated with 
coal tar and then filled with light wood 
shavings, and the bitter set. on lire. 
The effect of this treatment will be to 
render the iron practically proof against 
rust lbr an indefinite period, rendering 
future painting unnecessary. In proof 
of this assertion, the writer cites the 
example of a chimney of sheet iron 
erected in 1800, ami which, through 
being treated as he describes, i^ as bright 
and sound to-day as when erected, 
though it has never had a brush ful ot 
•paint applied to it since. It is sug- 
gested that by strongly heating the iron 
after thenar is laid on the outside, the 
latter is literally \ unit into the metal, 
closing the pores and rendering it rust 
proof iu a far more complete manner 
than if the tar itself was first made 
hot. and applied to cold iron, according 
to the usual practice. It is important, ol 
course, that the iron should not he made 
too hot, or kept hot for too long a time, 
lest the tnr should be burnt off. Hence 
the direction for the use of light shav- 
ings instead of any other means of 
heating. {Ohs Light Journal.) 

(19) Crace Calvert some years .ago 
dr(Kv attention to the fjbt, that steel 


after immersion in caustic soda or 
caustic potash is preserved from lia- 
bility to rust. This apparently valuable 
information does not seem to have been 
acted upon by chronometer makers and 
others, to whom any method of secur- 
ing immunity from rust would be of 
considerable service. Balance springs 
for chronometers have been occasionally 
coated with collodion, but the thick- 
ness and rapid decay of this film iuter- 
, feres with tin* timekeeping of the 
chronometer, ami is therefore objection- 
able. On inquiring of one chrono- 
meter maker, we were told that he had 
treated some springs with caustic soda 
at tiic time Calvert published his work, 
ami that these springs were still free 
from rust; but as they had not been 
exposed to damp with other springs not 
so treated, he was unable to deduce any 
opinion as to the advantage of the pro- 
cess. So it is generally. .Practical men 
are continuously occupied with their 
work, and have unfortunately no time 
for experiments, though the) buffer day 
after day from an evil the removal of 
which is probably within their grasp. 
( Meehan i« ttl Woraf.) 

(20) To preserve iron from rust in 
Ceylon ,it requires to be first well 
scraped and cleaned ; and if for outside 
work, such as bridges, roofs, girders, 
&c., it should be well coated with tar 
paint. The following receipt will be 
found to answer well, viz. coal-tar 
t) gal., slaked lime l.i lb., turpentine or 
naphtha 2-3 qt. The use of the lime is 
for neutralising the free acid in the tar. 
This paint is veiy fluid, and well adap- 
ted for roofing galvanised or blaek 
corrugated iron, &c. 

(21) At Port Chester, Pa., pipes 
have been treated by a new process, 
which is said to have advantages over 
the Bower-Barlf process, llaupt. de- 
scribes the plan as follows: Alter the 
pipes have been lowered into the retorts 
by means of a traveller, the retorts are 
closed for about 15 minutes until the 
contents arc heated to the proper tem- 
perature. Sfcam from th* boiler at 
00 lb. pressure is then introduced into 
the superheater, which it traverses, and 
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from which it escapes at the tempera- 
ture of the imn, upon which it acts f«»r 
about one hour. A measured quantity 
of some hydrocarbon is then admitted 
with a jet of steam, followed again by 
a fixing bath of superheated steam, 
which completes the process. The 
absence of pressure* and of explosive 
teases is a proof that all the opera- 
tions have been nicely 1 emulated, 
and tb.it a perfect absorption and union 
of the carbon, oxygen, and hxdrogon 
with the iron lias been ctleeted. The 
protection is said to in* a real conversion 
of the metal to a certain depth into a 
new material. There i*. no coating that 
cracks or can be destroieil by bending, 
hammering, rolling, or heating. 

Too much stress cannot be laid 
upon the condition of the surface of the 
iron at. the time of coating; and it. is 
perfectly essential either to have a dry 
surface or else a nun position wlmli is 
not affected bv water. Prof. Lewes 
remarks that w hen an old iron structure 
is broken up, on the backs of the plates 
may often be seen the numbers painted 
on them m white lead and linseed oil 
when the W'ork was put together, and 
under the paint the iron is in a perfect 
state of preservation, the secret being 
that the paint was out on while the 
plates w'ere hot and dry. 

Compounds prepared with boiled 
linseed oil are open to objection, on 
account of the presence of lead. The 
til ling of boiled linseed oil is due to the 
fact of its containing a certain quantity 
of an organic compound of lead ; and 
the drying property H, moreover, im- 
parted by boiling it witli litharge (oxide 
of lead), so thaw lead compounds are 
present even when the oil i>. not mixed 
with red or white lead pigment. When 
boiled oil dries, it does so by absorbing 
oxygen from the air, and becomes cun- 
xsrtcd into a kind of resin, tlx; acid 
properties of which also have a bad 
effect upon iron. Protective!* of the 
class of tar and its derivatives, such as 
pitch and black varnish, and aNo asphalt 
and mi non l waxes, art regarded by 
Prof. Lewes as among the best. (Vrtain 
pieeautmns, howewr, mud be taken m 


the case of tar and tar products, both 
of which are liable to contain small 
quantities of acid and ammonia salts. 
If care is taken to eliminate these, and 
if it could be contrived to always apply 
this il.iss of protectives hot to warm 
j iron, the question of j/hiteetion would 
j be practically solved; bituminous and 
| asphaltic substances forming an enamel 
1 on the surtuee of iron which is free 


from the objections to be raised against 
all other protectives — that, is, of being’ 
microscopically porous and therefore 
pervious to water. Spint or naphtha 
varnishes are condemned by Prof. Lewes 
as open to several objections. Varnishes 
to which a body has been given by some 
I pigment, generally a metallic oxide, arc 


preferable to the last class, if the solvent 


used is not too rapid in its evaporation, 
and if care has been taken to select 


! substances which do not themselves act 
injuriously upon iron, or upon the gums 
or resins whicli are to bind them to- 
gether, and are also free from an,v im- 
) purities which could do it. 

At the present time, as the author 
truly remarks, the favourite substance 
for this purpose the red oxide of iron; 
but care should be taken to exclude 
from it free sulphuric acid and soluble 
''•dphates, whi< li are common impurities 
I and extremely injurious. The finest, 
coloured oxides are, as a rule, the worst 
offenders iu this respect, as they are 
made by heating green \itriol (sulphate 
of iron ), and in most cases the whole oi 
the sulphuric acid is nothin veil off, thfi 
heat required being injurious to the 
colour. The acid is often ^neutralised 
by washing the oxide with dilute soda 
solution; but very little trouble, as a 
, rule, is taken to wash it free from the 
i resulting sulphate of soda, which is left 
in the oxide. The best form of oxide of 
iron to use for paint making is obtained 
by calcining a good .specimen of hema- 
tite iron ore at a high temperature. 
When prepared in this way, it contains 
no sulphates, but a proportion of clay 
which is harmless if it does hot exceed 
l‘J-18 per cent. Paint* makers can 
easily test their red oxide for soluble 
sulphates byfwarming a little of it *ith 
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pure water, filtering, anil milling to the 
dear solution a few drops of pure hy- 
drochloric acid and a little chloride of 
hnrium solution. If a white sediment 
form* in the solution, the sample should 
he at once rejected. 

In the application of a preservative 
coating to iron, Prof. Lewes directs, 
first, thorough scraping and scrubbing 
from all non-adherent old paint and 
rust. New iron should he pickled with 
dilute at id to get rid of e\ery tiacu of 
mill s.-ale; the arid to be neutralised 
iit'terwaid by a slightly alkaline wash, 
and this again to he washed off by clean 
water. Under these conditions, and 


(2.‘t) For several years, G. W. Gcsner, 
of New York, lias been experimenting 
with a process for giving articles of iron 
and steel a rust-proof coating. Plant 
has been established at South Prookhn, 
which has been in operation for some 
tune pant. The accompanying illustra- 
tions, Figs. 2Gb, 2G7, and 208, show its 
construction. It consists substantially 
of a bench of two ordinary gas retorts 
placed side by side in a furnace heated 
bv a grate. Each retort is heated to a 
temperature ot I000-12ou r K., as may 
be determined by the character of the 
articles to he treated. The latter are 
introduced by means of a crane and 


C 



Gctnier'd rust-proofing furnace. 


given a composition of good adhering pulley, care being taken that they do 
properties, but little apprehension need not. touch one uuofner. After dosing 
be felt with •regard to the ravages of and testing the retort, the heating con- 
corrosion, the chief remaining risks tin lies for about 20 minutes. Then 
being from abrasion or other mechanical steam is introduced into what Gesner 
injury to tlit composition, coupled with, calls a “ hydrogen generator /' shown in 
improper contitnents in itself. (Scient. Figs. 267 and 268. Jt is a simple pipe, 
•dthiv.) • | open at the rear end. Gcsner claims that 




(Jesner's ru3t»prooflng furnace. 

< t • 

fills the retort. This operation goes on 1 flow of hydrocarbon is then stopped, and 
for '35 minutes, at the end of which time J the steam wtych has been allowed *to 
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enter the gunerator during the whole 
operation is continued for l« r » minutes 
longer. The whole time employed in 
1 he operation is therefore 1 hour and 20 
minutes. The u purging-pipe,” which 
dips into an open vessel of water, as 
shown in Fig. 2%<>, t.o the depth of in., 
carries off any excess of gases produced 
iu the operation. In cases where articles 
treated are ornamental, such as art 
haul ware, they aie given a hath of cold 
* whale oil or parallin oil to render them 
more even in tone. In other articles no 
jtil is used. The plant- now established 
.it- South lJrookhn is lated at a capacity 
of G tons per day of boiler tubes ft. 
long, or 2 tons ol ornamental hardware, 
the rate of production of treated goods 
depending upon the time required for 
handling them. The average cost in 
America of fuel per day is reported by 
ties ner to he 7s., including coal for the 
boiler. 

To substantiate his claim that, hydro- 
genous a function in the creation of a 
i ust-proof coating, Connor quotes the 
following analysis, made by Stillman & 
tihiddmg, of New York, of a sample of 
the surface of cast iron prepared by the 
process : Carbon, 1*01 per cent.; hy- 
drogen, 0*22 per cent. ; sand, 0*70 per 
cent.; and iron, 06*10 percent. The 
chemists add that the iron is present as 
metallic iron and as oxides of various 
constitution. 

In order to determine whether the 
treatment had any adverse cllect upon 
«the strength and resistance of wrought 
iron and ste^ suitable for boiler, ship, 
and bridge purposes, a series of tests 
were made by B. II. Coffin, in charge 
of the testing department of Henry 
Warden, Germantown Junction, Phila- 
delphia, Pa. We quote as follows from 
this report : — 

u . r > test pieces of iron were cut from 
!l single plate § in. thick, and ft more 
similarly from a * in. steel plate. These 
were machinal to suitable sizes for the 
standard 8 in. test piece, giving a section 
of about *9 *71 sq. in. for the iron and 
9*51 sq. in* for the steel. Three of 
each of these sets were forwarded to 
Hupncr fop treatment, \vl^*» r eta inert one 


and returned the remainder. The tests 
were made with a 200, 0(H) lb. Olsen 
machine, and the measurements with 
Brown & Sharp’s micrometer gauges, 
and are believed to be accurate. 

The pieces were gauged both before 
| and after treatment, and showed no 
j change. The te.sU show practically no 
i cllect whatever upon the iron, with the 
! exception of a slight, decrease in the 
elongation. As the reduction of area is 
i lint fully ascertained, it is impossible, 
j without further evidence, to say whether 
I or no the ductility is a fleeted. At unv 
| rate the ductility being so low, this 
small reduction, if proved to exist, 
would be of comparative unimportance 
in affecting the value of the metal. The 
j steel is benefited. The annealing under- 
1 gone during the treatment lias softened 
| it. to some extent; it has lost about ft 
per cent, iu strength but gained ;> per 
cent, m elongation. This metal origi- 
nally would not have come up to speci- 
fications, being insufficient in stretch. 
The treatment has not. reduced the ten- 
sile strength below the assigued limit ; 
at tile same time it has brought, the 
elongation up to requirements. Pieces 
of both iron and steel were bent cold to 
an angle of 45° without showing any 
fracture or scaling of the treated sur- 
face. 

The following are the results of the 


tests : — 
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A large variety of iron and steel 
j goods have been liireaiy treated in 
J quantities by the South Brooklyn Bust 
Proof Iron and Steel Works, among 
them being builders’ and art hardware, 
roofing shingles, stove fittjf gs, pipe and 
pipe fittings, parts of water meters, 
steam radiators, pistols, and other 
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articles. The colour produced is a dark 
blue. ( Iron Age.) 

(24) Some machinery makers use a 
kind of thin black japan for preserving 
the brightness of polished parts. Some 
months ago the writer was in several 
works of Lancashire toolmakers, ami 
noticed this black material in use. It 
is easily laid on with a brush in the 
same way as paint, and is very readily 
removed at any time with a rag soaked 
in turpentine. It does not attack the 
metal, as the acid from fats is so liable 
to do, and has the great advantage of 
being much more cleanly both in use 
and appearance, being perfectly hard 
and dry, aud thus allowing the ma- 
chinery to he handled, which, in pack- 
ing for railway transit or shipment, is 
very important. In many cases a great 
deal of the ordinary white-lead and 
tallow is rubbed oil’ in the packing 
operations, and the object sought by its 
application is thus defeated. A good 
substitute for such mixture is very de- 
sirable, and the subject is worth the 
attention of engineers and machine 
makers. (T. T.) 

Lead. — Soft water, especially when 
full of air, or when containing organic 
matter, acts upon lead in such a way 
that some of it is taken up in solution, 
and the water is poisoned. Vitiated or 
impure air acts upon lead in a somewhat 
similar manner. Pure water, not con- 
taining air, does not act upon pure lead. 
When the water coutaius much oxygen, 
the lead is oxidised ; and oxide of lead, 
a highly poisonous substance, is to some 
extent soluble in water. If there is 
much carbonic acid present it converts 
some of the oxide into carbonate of lea I, 
which is almost insoluble and therefore 
comparatively harmless. The waters 
which act most upon lead are the purest 
and most highly oxygenated, also those 
containing organic matter — nitrites, 
nitrates, and chlbrides. The waters 
which act least upon lead are those 
containing carbonate of lime and phos- 
phate of lime, in a less degree sulphate 
of lime. Sfwie of these firm n coating 
on the inside of the pipe which protects 
it from further action. Some vegetable 


substances contained in water, peaty 
matter for example, also protect the 
pipe, by forming an internal coating 
upon it. It appears therefore that hard 
waters, containing (as they generally 
do) carbonate of lime, do not readily 
affect lead. Soft watefs, such as rain , 
water, and water obtained by distilla- 
tion — water polluted with sewage — 
water in tanks having a muddy deposit 
— may all become poisoned when in 
contact with lead. The mud of several 
rivers, even the Thames, will corrode 
lead, probably from the organic matter 
it contains, but it does not ueccssarily 
follow that any lead has been dissolved 
in the water. Hits of mortar will also 
corrode lead. Vegetables and fatty 
acids arising from fruit and vegetables, 
cider, sour milk, &c\, also act upon 
lead. 

(1) Prof. Emerson Reynolds has de- 
scribed a process for the protection of 
lead a gainst^co erosion, which is done by 
coating it with a film of sulphide of 
lead. He recommends the following 
method : — Take 4 dr. solid caustic sodu, 
dissolve it in 3'- pints water, and add 
to the liquid 4]- dr. nitrate of lead, or 
an equivalent of other lead salt, with 
62 fi. dr. water ; raise the temperature 
of the mixture to 194° F. (90° C.). It 
suilicieut lead salt has been added, the 
liquid will remain somewhat turbid 
after heating, and must then be rapidly 
strained or filtered through asbestos, 
glass-wool, or other suitable material, 
into a convenient vessel.. The filtered.), 
liquid is then well mixed with 25 fl. dr. 
hot water, containing in solution 1 dr. 
sulpho-urea or thio-carbamide. If the 
temperature of the mixture be main- 
tained at about 158° F. (70° C.), dejw>si- 
tion of sulphide of lead or galena, in the 
form of a fine adherent film or layer, 
quickly takes place oil any object im- 
mersed in or covered with the liquid, 
provided the object be in a perfectly 
clean condition and suitable for the 
purpose. When the operation is properly 
conducted, a layer of galena is bbtained, 
which is so strongly adherent that it 
can be easily polished by means of the 
usual leather polisher. It isjiotneo#** 



PUMPS AND SIPHONS, 


301 


sary to deposit the galena from hot 
liquids, but the deposition is more rapid 
than from cold solutions. 

(2) Dr. Percy observes that in the 
collection of the Museum of Practical 
Geology, in London, is a number of very 
thin sheets of ^ead, coated with hands 
of varied and extremely bright colours. 
Although t he atmosphere has had free ! 
arm*> to these sheets for about ’>0 years, 
tin* colours are as bright as they were 
* at first. The sheets were prepared at 
Beaumont’s smelting works, by dexter- 
ously skimming in the process of de- 
silverizing lead by Pattinsmfs process. 
The colours arc certainly caused by 
excessively thin films of oxide of lead 
of various thickness. 

(It) Applying an internal bituminous 
coating is said to be successful. 

(4) Moiling lbr l. r j minutes in a solu- 
tion of sulphide of soda, by which the 
surface becomes coated with a film of 
sulphide of lead, insoluble in water. 

Sjlver. — (l) To prevent silverware 
from tarnishing, it is only necessary to 
brush it over with alcohol in which a 
little collodion has been dissolved. It 
dries immediately, leaving a thin trans- 
parent invisible covering on the silver, 
which can he removed at any time by 
dipping the article in hot water. 

(2) Silver paper. This is not, the 
thin ephemeral-looking paper w hich the 
French are fond of calling pchire d'onj- 
n<m, but a product discovered by a 
German pharmacist, and used, we are 
«tohl, in some of the large towus for pre- 
serving silver* from tarnish of all kinds. 

6 parts ordinary caustic soda are dis- 
solved insufficient water, and the solu- 
tion is diluted to 20° B. To this solu- 
tion 4 parts oxide of zinc arc added, and 
the liquor is boiled until this oxide is 
dissolved. Sufficient w r ater is now added 
to bring the solution down to 10° P. 
Thin paper or calico soaked in this solu- 
tion and dried will effectually preserve 
the most highly polished silver from 
the tarnishing action of sulphuretted 
hydrogen, which is contained in ap- 
preciable quantities in the air of all 
densely -inhabited localities. Several 
j'girnals have mentioned^ this prepara- 


tion, but the exact manner of carrying 
it out is that given above from the 
German periodical in which it appeared. 
It is evident that not only silver objects 
may he preserved by this device for a 
considerable time, but scientific instru- 
ments made in other metals might, he 
protected also during a long journey hv 
sea or land from the oxidising influence 
of the damp air. All that is necessary 
is to wrap up the articles completely in 
the pupei, so that no external air can 
come in contact with them. (Piirgoyne.) 

Zinc. — I>:mip air soon attacks* zinc 
surfaces, hut form* a film of oxide which 
arrests further corrosive action. Should 
the air, however, contain and vapour.', 
as it docs in towns and near the sea, it 
is rapidly destructive. Soot is very 
injurious, forming a galvanic couple 
with the zinc, excited by the acid and 
watery vapour of the air. In contact 
with copper, iron, and lead, especially 
in the picsence of moisture, voltaic 
action is also set up, and soon destroys 
the zinc. This metal is also much 
Affected by lime, even in the form of 
chalky water ; and by all acids, or- 
ganic not excepted, hence it, should not 
be joined to oak nor placed where urine 
mav reach it. 


Pumps and SirHONS 

(iv. 87-108). 

Pumps. Ariih — Although this de- 
vice, in slightly different forms, has been 
in use for some time, yet the con- 
venience of the modification shown in 
Fig. 2t»9 may* render it worthy of 
description. A B C are 3 glass tubes 
parsing through the rubber stopper I), 
A and B ending just below' the stopper, 
and C reaching to the bottom of the 
bottle. To JB is attached a double- 
valve rubber bulb. A i« so bent that 
while the bulb is Hasped in the hand, 
the thumb can easily be held over the 
open end of A at H. Acid can then be 
forred out through C, and the flow may 
be checked instantly by removing the 
thumb from H. The left uand is thus 
left free to hold under C the vessel into 
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Y*’hieh the acid is to flow. A glazed 
earthenware dish is placed upon the 
table under C to catch the drippings. 
For the use of large classes of beginners 
in general chemistry this apparatus is 
1 adapted, since accidents resulting 
from careless handling are rendered 
almost impossible, and both acid and 


stoneware, plunger and valves also being 
of this material. The valves and Beat- 
ings are easily accessible by removing 
! the valve-box covers, and the lift, of 
the valves is adjustable. In case of 
injury to any portion of the pump, it 
can be replaced at a sttaall cost.. The 
pumps are made in sizes to lift 210- 
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Stoneware acid pump. 


time are economised. The same device 
may be used for carboys, the tube C 
being extended upward, so that an 
acid bottle may stand on the box beneath 
it, and H being kept closed by a piece 
of rubber tubing and a pinch cock. 
(L. M. Dennis in Amcr. Chon. Jour.) 

Doulton and Co., of Lambeth, have for 
some years past devotee 1 , special atten- 
tion to the subject of stoneware pumps 
for acids, and have spared no efiort to 
produce a thoroughly efficient and re- 
liable apparatus. The oi iginal design 
has been greatly modified, anil the 
present pattern shown in Fig. 270 em- 
bodies all the iinplovemcnts suggested 
by many years* practical experience. 
Each pump, before being supplied, is 
put into actual work with a 30-ft. head 
of water an<|. tested as to efficiency, and 
so to ensure satisfactory working. They 
are strongly constructed of acid-propf 


2000 gal. per hour. They appear to be 
giving great satisfaction. 

Water . — This article will treat of 
the combined application of two natural 
forces to the elevation of water. These 
forces are : first, the heat of the atmo- , 
sphere ; and second, the £omparatively 
low r temperature of the water to be 
raised. Fig. 271 shows the general ar- 
rangement of an apparatus worked on 
this principle. This apparatus has been 
built at Auteuil, where it operates very 
well, although the French climate is 
not favourable to the operation of such a 
device. 

F is a small building covered by a 
roof E, which is exposed to the south, 
and this roof is formed of 10 metallic 
plates, which are numbered 1* 2, 3, 4, 
5, 6, 7, 8, 0, 10. Each of c these plates 
consists of 2 sheets of iron riveted to- 
gether on all their edges, and separated 
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slightly by filling pieces. Each plate 
thus constitutes a water-tight receptacle, 
in which a volatile liquid can be held. 
Various liquids can be used, but pre- 
ference is given to a solution of ammonia. 
Under the influence of atmospheric heat, 
the solution emits vapours, ami these 
vapours or gases escape through tubes, 
one of which is provided for each plate, 
and are conducted to the receptacle N. 
Any liquid which may have been carried 
along by the gas is taken hack to the 
plates by a tube, By another tube the 
gas escapes from the vessel N. This 
gas has a pressure of 1, 2, or atmo- 
spheres, according to the work which 
to he done, it is conducted through a 
tube to a hollow sphere, which is placed 
in the well or tank from which the 
water is to he elevated. This sphere 
contains a rubber diaphragm, which can 
attach itself to either half of the sphere. 

Let us suppose, for instance, that t he 
sphere i.s full of water; the rubber dia- 
phragm, consequently, will rest against, 
the upper half or hemisphere. If, now, 
the pressure of the ammonia gas is 
brought to bear on the diaphragm, it 
will he forced to rest, on the lower 
ncmisphere ; but in order to do this, 
the diaphragm must eject the water 
which fills the sphere. This causes the 
formation of a jet of water as shown 
above the tank R near the letter G. 
But the gas must he driven from the 
sphere after it has been emptied of 
water, so that the operation may he 
renewed. This is accomplished m the 
following manner : In the centre of the 
diaphragm a float is inserted, which 
carries a rod by which article is actuated. 
One of the apertures in this slide co- 
incides with the gas inlet, and the other 
with the outlet. When the diaphragm 
rests on the upper hemisphere the inlet 
is opened, and the water escapes ; when 
it moves toward the lower hemisphere 
the inlet is closed, ‘the outlet is opened, 
the sphere is filled with water again, 
and so on. 

This would complete the operation if 
the ammonia gas did not qpst anything ; 
but as it is expensive, it must be used 
over and over indefinitely. Here we ure 


aided by the low temperature of the 
water, which is made to pass through a 
serpentine pipe contained in a water- 
tight vessel containing part of the 
ammonia solution used. The solution 
is cooled by the water in the pipe, and 
is ready to absorb anngonia. Then, as 
soon as the outlet is opened, the am- ' 
nioui.i gas conducted into it is absorbed, 
the pressure which was exerted in the 
sphere is removed, and water can again 
enter the sphere. A final precaution is ■ 
taken, which is to attach a little pump 
to the float, by means of which the 
ammonia solution can he pumped hack 
into the roof E. 

The apparatus at Auteuil raises 
over .‘100 gal. of water per hour. In 
warm countries, the same apparatus 
would raise 702 gal. a distance of 05 ft. 
The calculation of the results to he 
obtained by tins apparatus is based on 
the following considerations: 

A sheet of metal 1 vd. square absorbs 
11 calories for a difference of 1°(_\ Each 
plate which has a surface of 4 sq. yd. 
absorbs 44 calories per hour. If there 
is a difference of (1°, 204 calories will 
be taken from tbe atmosphere every 
hour; and by combining this quantity 
of heat with the cooling .action of the 
water, it is easy, by the difference of 
tension produce-1, to obtain an inexpen- 
sive force for raising water. 

This apparatus differs from the nu- 
merous devil c* by which attempts have 
been made to utilise solar lieut by means 
of the Archimedean mirror, by whicl^ 
only secondary heat is obtained. It is 
not necessary to concentrate tbe heat by 
metallic or other mirrors; file atmos- 
pheric heat is the basis of the operation, 
and all roofs exposed to the sun can he 
used for this purpose. In this manner 
a valuable motive power can be obtained 
in warm countries without loss of room. 
Generating plates, such as described, can 
he applied to any roof, and if we con- 
sider, that with only 10 such plates 
792 gal. can be raised 65 ft. per hour, 
we can easily understand that a great 
elevating power can be <^tained by in- 
creasing the number of plates. (La 
Nature.) v . 
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Siphons. — ( a ) The following ar- 
rangement of siphon is little known, 
though used at various times, and for 
various purposes, tin* last 20 years. Jt 
simply consists in having the ends of ail 
equal legged siphon bent upas in Fig. 272. 
When the abov%is once charged, and the 
'openings kept level, it will draw the 
liquid from a vessel, stopping, of course, 
when the level of the liquid reaches that 
of the openings hut will start into action 
again if the level of liquid rises. Che- 
mical readers w ill Jin 1 a glass tube, bent 
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ft* above, very handy in the laboratory 
for decanting, as when not in use, it 
rail be hung ready charged on a nail 
against the wall. The principle may 
be applied to a couple of rain water- 
butts, with the object of not cutting 
the casks in any way below the water- 
line, obviating oozing and dropping — 
tile common complaint about the connec- 
tion of water-butts, it answers very 
well. Fig* 27iJ is the arrangement. Put 
a long turn-up on the overflow siphon — 
about 9 in. — so that evaporation can take 
place to some extent without interfering 
yith the stability of the water in the 
pipe. For charging the two long siphons 
have a small gas tap soldered on the top 
of each, thfough which to suck out the 
air, after which screw up the little nut 
or plug of taps very tight, so that they 
cannot be opened by meddlesome fingers, 
fhe overflow may be charged in a tub 
of water, and afterwards adjusted on 
edge of cask, so as to keep the level 
about 1 in. from top when raining 
heaviest. The juphon for laboratory use 
above mentioned could be improved by 
making one of the legs straight, and 
bxing it to a piece of rubber tube with 
ft pinch tap. Arranged thus it could 
l>e tarried about without fear of u*p- 
5 # 


setting the balance of the water iu the 
two legs. 

(b) The numerous experiments in 
disinfecting with sulphurous anhydride 
have .shown that the chief difliciiltv in 
the way of various applications of it re- 
side in t lie import'd tmn of the apparatus 
designed for holding and distributing 
this liquefied gas under strong pressure. 
As this agent is tailed upon to render 
great services in a host of cases iu which 
the sulphurous acid produced by the 
dnect. comb ii.-d ion of sulphur, and with- 
out pressure, cannot be used, 
it is of importance to prevent 
tons great a degree as possible 
any leakage, and to be able 
under all circumstances to 
easily bottle, carry, handle, 

iLfV£l> and apply this powerful dis- 
infectant. After many ex- 
periments, lb*. Victor Fatio, 
of Geneva, has succeeded in 
constructing for this purpose an appa- 
ratus that permits of quickly and 
safely charging siphons from the foun- 
tains in which the anhydrous sulphu- 
rous acid is delivered to consumers. 

Fig. 274 show s one of the siphon appa- 
ratus being charged with sulphurous 
acid from one of Pictet’s metallic foun- 
tains. The specially arranged siphon is 
provided at the upper part with a tube, 
by means of which it is put in com- 
munication with the fountain through 
it bent tube. To the siphon there is 
adapted a key which permits of opening 
and closing it before and after the in- 
troduction of the liquefied gas. Another 
key is fitted to the fountain. At the 
upper part of the device, which rises 
when the siphon is full, there is a h. indie 
for tightening it up. For disinfecting n 
room by means of a siphon of sulphu rous 
acid, it suffices to empty some of the 
liquid into a basin anil allow it to 
evaporate. By means of a rubber tube 
running through a hofe in the door or 
wall, a room may be disinfected from a 
siphon placed outside. (La Nature.) 

(c) Bode and VVimpf have designed 
a new kind of siphon, which of great 
use for siphoning off acid, caustic or 
poisonous liquids. Its special feature 



306 


t’tJMPS AKt) SIPHONS. 


is due to the fact that it is not set by 
suction, hut by blowing, so that the 
liquid to he siphoned olV can never get 
into the mouth. Fig. 275 represents the 
construction. The tube I) is surrounded 
by a wider one <.’, dosed at the top, and 
provided with a ball valve JJ at the end 
E. On putting the apparatus into a 


and no liquor being able to enter the 
siphon, it empties itself. The siphon 
need never be removed from the liquid, 
either at the start or at the end. (\ 
(jerhard, of Bonn, and the Mdncheberg 
Pottery, are prepared to supply the 
siphon to the trade. It. can he made of 
glass, earthenware, eborite, rubber, and 




liquid, the ball valve is raised, and the 
tubes 0 and 1> are tilled to the height 
of the surrounding liquor. If now air 
be blown into the tube H, the valve is 
closed, and the liquid being driven from (3 
into l) and F sets the siphon to work. 
The blowing is then discontinued and 
H is closed. If it be desired to interrupt 
the flow, it is only necessary to blow 
again a Vttle stronger through H. 
The valve B is now pressed into its seat, 


metal. It is also intended to fit WonllTs 
bottles with this siphoning arrangement, 
as shown in Fig. 27<i, for drawing off 
acids in the course of the manufacture. 
( Client . Zrit.) 

(d) When, at an elevated point in a 
meadow, there exists a spring or vein of 
water that cannot he utilised at a dis- 
tance, either because the supply is not 
sufficient, or because of tlfe permeability 
of .the soil, it becomes very advantage* 
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nus to accumulate the water in a reser- 
voir, which may be emptied from time 
to time through au aperture large 
enough to allow the water to flow in 
abundance over all parts of the field. 
The storing up of the water permits of 
irrigating ch ate of laud, 

ami has the adiantage of allowing the 
watering to he effected intermittently, 
this being better than if it, were done 
continuously. Hut this mode of irrigat- 
ing requires assiduous attention. It is 
necessary, in fact, when the reservoir is 
full, t.o go and raise the plug, wait till 
the water has Unwed out, and then put 
in the plug again as accurately as pos- 
sible — a thing that it is not always easy 
to do. The work is a continuous piece 


the outlet U, where it is fixed by means 
of a piece of rubber of peculiar form 
that allows the other extremity li ]> E 
to revolve around the axis K, while at 
the same time keeping t ho outlet pipe 
hermetic illy closed. This rubber, whose 
lower extremity is bent haek like the 
hell of a trumpet, forms a washer 
against which is applied a galvanised 
iron ring that is fixed to the mouth 
of the outlet pipe hv moans of f> 
small screws. This ring is provided 
with 2 studs, which engage with 2 
flexible thimbles K L, atlixed to the 
siphon by 4 rivets. These .studs and 
thimbles, as well as the screws, are like- 
wise galvanised. Hetween the branches 
A li D E of the pijM* is soldered a sheet 



•d drudgery, and takes just as much the 
longer to do in proportion as the reser- 
voir is more distant from one’s dwelling. 
In order to do away with this inconveni- 
,i nee, Giral, of Langogne (Loz£re), has 
invented a sort of movable siphon that 
primes itself automatically, however 
fcinall be the Spring that feeds the re- 
servoir in^ which it is placed. The appa- 
ratus (Fig. 277 ) consists of an elbowed 
pipe CAB!) E of galvanised iron, 
whose extremity C communicates with 


of galvanised iron, which forms isolatedly 
a receptacle or air-chamber F, that con- 
tains at its upper part a small aperture 
A, that remains always open, and, at its 
lower part, a copper screw -plug d and a 
galvanised hook H. Jn the interior of 
this chamber is arranged a small leaden 
siphon ft b c whose lunger leg a passes 
through the bottom, where it is soldered, 
and whose shorter one c ends in dose 
proximity to :# the bottom. * Finally, a 
galvanised iron chain G II, fixed at G to 
x 2 
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the bottom of the reservoir, am! j>r/*- 
Aided with a weight 1* of galvanised 
iron, is hooked at II to ‘the siphon and 
allows it to liseniore or less, according ; 
is it. is given a greater or less length. . 
From w'hat precedes, it will be seen that ■ 
the outlet is entirely closed, so that, in 
older that, the water may escape, it ! 
must pass into the pipe in the direction ! 
K I> I» A (A This granted, let us see 
how the apparatus works : In measure 
as the water rises in the reservoir, the 
siphon gradually loses weight, and its 
exticiinty 1* I) H is finally lifted by the 
thrust, so that the entire affair revohes 
upon the studs K, until the chain be- 
comes taut. The apparatus then i «ases to 
rise ; hut the water, ever continuing to 
rise, finally reaches the apex h of the 
smaller siphon, and through it enters 
the air-rhainher and fillsit,. The equili- 
hrnmi being thus broken, the siphon 
descends to the bottom, becomes primed, 
and empties the reservoir. When the 
level of the water in descending is at 
the height of the small siphon this 
latter, which is also primed, empties 
the chamber K in turn, so that, at the 
moment the large siphon loses its 
priming, the entile apparatus is in the 
same slate that it was at first. In 
short, when the water enters the reser- 
voir, the siphon, movable upon its base, 
rises to the height at which it is de- 
sired that the flow shall take place, 
living arrested at this point by the 
chain, it becomes primed and sinks, and 
the water escapes. When the water is 
exhausted, the siphon rises anew in 
order to again sink; and this goes on 
as long as the period of irrigation lasts. 
This apparatus, which is simple in its 
operation, and not very costly, is being 
employed with success for irrigating 
several meadows in the upper basin of 
the Allier. (Z> Grnic Civil.') 

(f) As wadi kniLwn, the general solu- 
tion of the problem of storing water, 
a vital question for agriculture, is 
the following : To unite all the 
sources that are not utilisahle, on 
account of their too feeblt discharge, in 
a reservoir of appropriate dimensions 
which io emptied one or more times’ in 


2t hours through a sluice of dimensions 
such that the water collected can be 
entirely distributed over the surface to 
he irrigated, in a relatively short, time. 
lApenence, in fact, has proved that if 
water i-> profitable distributed to pro- 
fusion, it is but. slightly so when it 
flows m a thin stream m a trench of 
which it wets only the hanks. 

Instead of having a sluice to be opened 
at definite intervals, it long ago occurred 
to some persons to make use of the ordi- 
nary siphon. It suffices, in fact, that 
the latter shall prime itself automati- 
cal!} in order to have a rapid and inter- 
mittent emptying of the reservoir, 
lint the conditions necessary for such 
automatic priming are sometimes diffi- 
cult to carry out. The source, in fact, 
must be very regular, and have a pretty 
large discharge, larger than that of the 
siphon duriug the short space of time 
in which the latter, operating at first ns 
a waste pipe, is upon the point of prim- 
ing itself. If this critical pont is 
passed, the priming is effected and 
the reservoir is emptied by reason of 
the greater velocity that the head of 
water gives the liquid in the siphon. 

But if the s. urce is intermittent., 
irregular, or diminishes, it may hapj <m 
that the siphon will no longer perform 
the functions of anything but a waste 
pipe. Priming will no longer be able 
to be effected, and the abrupt emptying 
of the reservoir will no longer take 
place. 

In certain special case?, this state of- 
things can he remedied by establishing 
a well of water for the recej^f’on of the 
long branch of the siphon. The over- 
flow is thus reduced and the priming 
can take place. 

This, in reality, is merely a palliativr 
of a result that is so uncertain in all 
cases that it is usually preferred to 
empty the reservoir by opening a sluice 
at stated intervals. Hence an annoying 
restraint, and a very poof utilisation of 
the water at one’s disposal. 

In fact, the user generally opens the 
sluice in the morning 0 and evening. 
Between these two intervals and at 
night, if the j-eservoir is full, the vrUter 
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flows out. slowly, aud irrigates but a 
small surface. 

Different means have been proposed 
for obtaining an automatic discharge, 
and especially for pievuiting the e\er j 
possible neglect to niniueuvre the sluice. I 
At the last agricultural exhibition at ! 
Tulle was shown a recently dowsed and j 
very simple system, the great ad will- ! 
tage of whieh is the entire ah>ence of : 
anv mechanism whatever suhjecl to get 
out. of onier. It is a siphon, but it has 
been so arranged by Delavall.ide that 
.the problem is entirely solved despite 
all the difficulties enumerated, Fig. 27N j 



Siphon for intermittent discharge. 

gives a general view of the apparatus 
and the manner in which it is arranged 
*n the sluice hole of a reservoir. Thus 
placed, and ♦supported by 2 woode 
posts, one has no longer to pay any j 
attention to it. Whatever be the irr 
gularities in the discharge of the source, 
the siphon will never act as a xyast 
l*^ and \v ill primp itsplf as soon as the | 


desired level of Neater is reached in the 
reservoir. 

Tlie latter once empty, the siphon 
will he imprinted, and will reprime it- 
self a few hours later. The instant of 
unpriiniug, and consequently the lewd 
of the water remaining in the pond, i-* 
iullv under the < out ml of the firmer. 
It suffices, in I.ict, to form a seiies of 
apeitures <1 m the short hiamh of the 
siphon, and close them with wooden 
plugs that ate removed a« curding as it, 
is d< su is! that, the water shall descend 
to such or stub a b*vcl in the reservou. 

As ‘Ju'wn in t in* .-ei t mns m tig*. *J7P, 
280, tt.e a|yj.aiattis is < oust rutted ju 
two difhicut forms, hut f he pj uu ijffe of 
both i*» absolute! \ tin* same. 

'1 he bell siphon (Fig 271*) consists of a 
tube, winch is ill* ei led in the sluiee 
bole and is provided at its uppei part, 
with a ?hcular water leseivoir A. A 
movable bell, ] rovided with an internal 
circular diaphragm li, coders the, whole 
and lost s upon the tube. It is pro- 
vided with two small external reset voiis 
li li' loimected bv a tube t. The lower 
reservoir li' communicates with the 
interior of the bell, through small 
apertures. 

Two bent tubes T T' put the reser- 
voir li in communication with the two 
chambers a/> formed in the bell h\ the 
diaphiagin lb A third tube S below 
the two others starts from the reservoir 
li, traverses the bell, and lungs verti- 
cally in the interior of the central tube 
fixed M the sluice. 

Fig. 280 represents the second form 
of the apparatus. It is an ordinary 
doubly revolving siphon. The general 
arrangements are the same as those just, 
described, it is to be remarked that 
the part A of the bent, siphon will 
always remain full of water, like the 
reservoir A in the bell siphon. 

Let us suppose that the pond has just 
been emptied; the* unprimed siphon 
will be entirely empty, except in the 
parts A. The water gradually rises in 
the reservoir, and consequently in the 
short branch of the sij^on, in the 
leservoir li, through the intermedium 
of* the reservoir It', and in the 3 tubes 
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T T S. Iu measure as the water rises, cumstances with the external level of 
the air is driven forward until the the liquid. It results from this, that 
moment, that the siphon is about. t<» whatever be the discharge of the source, 
operate as a waste pipe. It thus takes the tube S, placed beneath T and Twill 
a certain pressure in the chamber a be very quickly immersed. 


(tube T), on account, of the presence of 


279 . 



In reality, this tumft is merely an , 
280 . 



water in the internal reservoir A. In 
the chamber 3, on the contrary, it re- 
mains at the pressure of the atmosphere, 
since the long branch of the siphon opens 
in the free air. It is starting from this 
moment that the automatic priming of 
an ordinary siphon may take place, if the 
requisite conditions of discharge be pre- 
sent, the air confined in the upper parts 
being carried along by the first jet of 
the liquid. If such conditions are not ful- 
filled, there always renf.iins in the upper 
part of the siphon or of the hell some air 
that must he got rid of, or the pressure 
of which it will suffice to diminish suffi- 
ciently to produce an abrupt ascending 
motion of the internal liqvid column, 
and consequently a priming. 

Such is the principle to be applied, 
and the way it is done is as follows: 
In consequence of the presence of a cer- 
tain volume of com pressed air in the 
internal chp/uber o, the velocity of the 
siphon’s flow as a waste pipe is infinitely 
small, and increases proportionally much 
more slowly than under ordinary rir- 


auxiliary siphon whose diameter is small 
enough to allow its priming to be 
always certain. It will therefore empty 
the reservoir It almost instantaneously. 
As, on another hand, the latter can fill 
itself hut slowly, on account of the 
small diameter of the tube t 1 there will 
occur, in order to fill the vacuum 
formed, an abrupt draught and a put-*- 
ting in equilibrium (through the tubes 
T T) of the air occupying % internal 
chambers a 3- At. this very moment, 
the jet of water issuing from the auxili- 
ary siphon in the central tube, or the 
long branch of the siphon, causes a suc- 
tion in the chamber 3, and estabfishes 
in the whole (o 3) a pressure sensibly 
less than that of the atmosphere. From 
this complete rupture of equilibrium 
between the internal liquid and gaseous 
strata of the siphon results a sort ot 
ratn stroke that effects an automatic 
priming. From the v#ry beginning* 
the remaining air is carried along by 
the liquid, with a considerable velocity, 
dependent upon the height of the water 
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in the pond, which latter rapidly 
empties until the apparatus is un- 
primed. 

The system, with a few slight modi- 
fications of detail, is applicable as 
follows: 1, tc^he flushing chambers in 
the sewers of large cities ; 2, to the sub- 
mersion of meadows, and in general to 
all the problems of irrigation; 3, to the 
automatic emptying and renewing of 
the water in garden fountains and in ! 
ponds especially set apart for piscicul- | 
lure ; 4, and, finally, to the draining 
of quarries, mine holes, etc., without 
machines, provided there he a low point 
for the flow. {La Nature.) 

Waterproofing (iv. 1-23). 

Hoots. — (10) 1 part ozokerit. in 2 
parts castor oil, and 1 part lamp-black 
added, makes an excellent application, 
as the boots will take a thin polish 
aft^r. (11) Salad oil 1 pint, mutton 
suet 4 ox., white wax and spermaceti of 
each 1 oz., melted together, and applied 
to the boots wanned before the file. 
(12) Much used by fishermen: Melt 
3 oz. spermaceti in a ladle, and add -J oz. 
rubber, cut into thin shavings. When 
dissolved, add } lb. tallow, 2 oz. pure 
lard, and 4 oz. amber varnish. Mix 
well, and while still warm apply with 
a brush, giving two or three coats. It 
leaves a good polish, and is preservative 
as well as being waterproof. 

llubbcr Goods . — Under ordinary con- 
ditions rubber for vulcanising is usually 
mixed with sulphur and heated to a 
high temperature, when chemical com- 
bination takes place between the sulphur 
and the rubber, producing a much more 
valuable compound for ordinary pur- 
poses than unvulcauised rubber; the 
former remaining soft at very low tem- 
jwratures and firm at high tempera- 
tures, whilst the latter becomes hard and 
quite plastic respectively at those tem- 
peratures. 

In making cloth for waterproof gar- 
ments another method is employed for 
yulcanising the rubber, viz., by wetting 
surface with a mixture of somuwhere 
about 5-10 parts chlciide of sulphur 


dissolved in 100 parts bisulphide of 
carbon, and then heating the fabric 
gently to evaporate away the excess of 
the*e substances; the rubber-covered 
cloth cannot be heated to a high tem- 
perature like the rubber alone, because 
the bent would be liable to injure the 
cotton, silk, or wool of the fabric, or 
destroy or injure the colours. 

Thu bisulphide of carbon softens and 
penetrates the fine layer of rubber, 
carrying with it the chloride of sulphur 
dissolved in it, and it is generally sup- 
posed that the chloride of sulphur 
breaks up, the sulphur combining with 
the rubber producing vulcanisation, 
and the chloiiue combining with the 
hydrogen producing hvdrochloric acid 
which is liberated. This leaction is 
clearly not the correct one, and it is 
probable that the reverse is more in 
accordance with the facts, viz,, that the 
chlorine of the sulphur chloride com- 
bines with the rubber producing vul- 
canisation, leaving the sulphur in the 
free state, or only partially in combina- 
tion tvith the rubber, because in rubber 
vulcanised by the cold process I have 
found fiee sulphur to be present. 

From a piece of rubber-covered cloth 
I separated the rubber, and submitted it 
to analysis, by mixing it thomughly in 
small pieces with pure sodium carbonate 
and igniting, then dissolving the whole 
in water and adding to it peroxide of 
hydrogen previously treated with excess 
barium chloride (to separate sulphuric of 
acid or sulphates). 1 lie peroxide ensures 
the conversion of the lower oxides of 
sulphur into sulphuric acid, whilst the 
excess of barium chlorides precipitates 
the sulphuric acid in the solution, 
which is then weighed as barium sul- 
phate. 

Another portion of the made-up solu- 
tion was neutralised, and the chlorine 
present titrated. The rubber previous 
to ignition, as above described, had been 
well boiled in water and dried to sepa- 
rate any hydrochloric acid which might 
be present, but only a Jaint trace of 
chlorine compound could be thus 
separated from the rubber. 

The total sulphur present in the 
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rubber amounted to 2*60, and the 
total chlorine to 6 *31 'per cent. 

The yellow-coloured sulphur proto- 
chloride is best adapted for vulcanising, 
because it does not act too strongly 
upon the rubber, whilst the dark 
coloured chloride of sulphur, containing 
as it does a large quantity of the 
higher chlorides of sulphur, is liable to 
render the rubber quite hard hy vul- j 
ennising it too much. The theory 
generally adopted to explain this is, 
that, these higher chlorides break up 
easily, liberating their sulphur which 
thus combines in greater quantity with 
the rubber; but my experiments and 
analyses prove that it is chiefly the 
chlorine and not the sulphur of the 
chloride of sulphur which produces the 
vulcanisation. 

A rubber substitute, much used at 
present, is produced hy acting on 
vegetable oils, such as rape, linseed, 
etc., with a mixture of chloride of 
sulphur and bisulphide of carbon ; the 
oil becomes converted into a solid 
substance resembling rubber to some 
extent, but being much more brittle. 
This body is now used in large quantity 
for mixing with rubber for the purpose 
of cheapening its production. On 
analysis of some samples of this 
material 1 have invariably found that 
it contained a much greater propor- 
tion of chlorine than of sulphur, and 
this process therefore is a vulcanisation 
by chlorine rather thau by sulphur. 

Recently I analysed three samples of 
rubber substitute, the one termed 
“special” another “spongy” rubber 
substitute, the third bqr.ng similar to 
the first in appearance. The first con- 
tained of sulphur 11*4 and of chlorine 
7 * 6 per cent. ; the second contained of 
sulphur 4-56 and of chlorine and 

the third 2*67 of sulphur and 7*90 of 
chlorine per cent. 

These rubber lubstitutes contain 
considerable quantities of oily matters 
soluble in ether, which T have also 
found to be chlorine and sulphur com- 
pounds of thjf oils. The first yielded 
20*0 per cent., the second 14*3, and 
the third Jl*5 per cent, of these thick 


oily matters soluble in ether. This 
oily substance from the first sample 
contained 2*0 per cent, of sulphur and 
G*1 per cent, of chlorine, whilst that 
from the second contained 2*97 and 
(»*87 per cent, of sulphur and chlorine 
respectively. s 

Some rubber manufacturers regard 
this oily matter as injurious to the 
rubber, and reject any substitute which 
contains any considerable proportion of 
it. 1 have found, however, by experi- 
ment that this oily compound instead 
of acting injuriously on rubber, actually 
acts as a preservative of it; some rub- 
ber threads were smeared with this 
oily extract, some with ordinary (un- 
vulcaimed) rape oil, and some left 
untreated ; these were put into an in- 
cubator at 150° F. for a few days when it. 
was found that the oil-treated rubber 
was quite soft and rotten, whilst the 
other two had remained sound; after 
a few days more, the original rubber 
threads had become quite rotten, whilst 
the threads smeared with the oily part 
of the vulcanised oil remained quite 
sound. 

The first and second samples of rub- 
ber substitute were examined for 
soluble chlorides or hydrochloric acid, 
hy boiling in water; the first gave 0*18 
per cent, of chlorine soluble in water, 
and the second ()*(>;> per cent. 

it has been known for some time that 
copper salts exert a most injurious 
influence on rubber. Copper salts are 
sometimes used in dyeing cloth, which 
are afterwards employed for water- 
proofing with rubber, and jf, seems 
quite astonishing what a small quantity 
of copper is required to harden and 
destroy the rubber, and the destructive 
effect of copper is further enhanced if 
the cloth contains oily matter in which 
the copper has dissolved. 

As an example, a piece of cloth, 
alleged to have damaged the thin coat- 
ing of rubber on it, was found to con- 
tain copper, and with a view of demon- 
strating this point, 1 took one piece in 
its original condition. T#* the end of 
this I pasted a similar piece of cloth 
front whjch the oily and greasy mnttept 



GLASS MANIPULATING. 


313 


had been removed by ether, and to the 
end of this again, 1 pasted another piece 
of the same cloth, from which 1 had 
removed both oily and greasy matters 
and copper ; these three pieces joined 
end to end into one, were then coated 
in the usual wry with rubber, and then 
hung in an incubator at 150° F. In the 
course of a few days, the rubber on the 
original cloth had become soft, and it 
then hardened and became rotten and 
useless ; the second piece, from which the 
greasy matters had been removed, then 
.became quite hard and rotten, whilst 
the part from which both greasy mat- 
ters and copper had been removed has 
remained in a perfectly elastic and good 
condition. 

Prof. Dewar observed accidentally, 
that metallic copper when heated to 
the temperature of boiling water in 
contact with the rubber exerted a 
destructive effect upon it. With a 
view of finding whether this was due 
to the copper per sc, or to its power ol* 
conducting heat more rapidly to the 
rubber, 1 laid a sheet of rubber on a 
plate of glass, and on it placed four 
clean discs, one of copper, one of pla- 
tinum, one of zinc, and one of silver. 
After a few days in an incubator at 
150° K. the rubber under the copper 
had become quite hard, that under the 
platinum had become slightly affected 
and hardened at different parts, whilst 
the rubber under the silver and under 
the zinc remained quite sound and 
• elastic. This tw would infer that, the pure 
metallic copper had everted a great 
oxidising effect on the rubber, the 
platinum had exerted a slight effect, 
whilst the zinc and silver, respectively, 
had had no injurious influence on it. 
A still more curious result was this, 
that the rubber thus hardened by the 
copper contained no appreciable trace 
of copper, the copper, therefore, pre- 
sumably sets up the oxidising action in 
the rubber without its permeating it. 
(W. Thomson.) 

Woollen Goods . — What is asserted to 
be an effective process for waterproofing 
woollen goods has come into use among 
Qfcnwvn jnivnqfacturers, the cloth in 


this case gaining considerably in weight, 
and, though perfectly waterproof, im- 
pedes neither air nor perspiration. A 
solution is made of 100 parts alum, 100 
of glue, 5 of tannin, and 2 of soluble 
glass, by dissolving alum in a moderate 
quantity of boiling water. The glue 
is steeped in cold water until it has 
absorbed twice its weight of water, and 
is then dissolved by heat ; the tannin 
and soluble glass arc well stirred into 
the solution of glue, to which the alum 
solution is then added, and the whole 
stirred and allowed to cool. 2 lb. of 
the gelatinous mass is boiled for 8 
hours in 8 gal. water, fresh water 
being constantly added to allow for 
evaporation. The bath is now permit- 
ted to cool to 80° C. and in this the 
material to be rendered waterproof is 
kept, for £ hour, then withdiawn, and 
the moisture allowed to drip from it 
for several hours. Finally the cloth is 
stretched on a frame, and dried at a 
temperature of 50° C., then calendered. 

Glass Manipulating. 

(iii. 22(5-240). 

Breaking. — (b) In breaking a 
glass tube, e.g., a combustion-tube, a 
small scratch is made with a file at the 
required place. At each side of this 
scratch, and about 1-2 mm. away from 
it, a small roll of wet blotting-paper i.s 
laid round the tube. The free space 
between is then heated all round over a 
Bunsen burner, or better still, over a 
small blowpipe-flame. A clean and 
even fracture is thus obtained, exactly 
between the two rolls, without drop- 
ping water on the hot glass. The rolls 
are made by cutting two strips of 
filter-paper, sufficiently large to form 
rolls 1-2 mm. high, and 2-4 cm. wide. 
The strips are folded once, lengthxvays, 
laid on the table, moistened, flattened 
out, and then wrapped on to the tube, 
so that the fold lies nearest the file- 
scratch, and fold lies accurately upon 
fold in the successive layers. The thick- 
ness of the# rolls, and tJ^eir distance 
apart, has, of course, to be varied, ac- 
cording to the difliHcter pf the tubes, 
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Equally good results are obtained with 
the thinnest test-tubes, the thickest 
combustion-tubes, beakers, flasks, ami 
glass hell-jars. In those cases, where 
the sides are slanting, as, for instance, 
with funnels, an obvious alteration in 
the construction of the paper rolls need 
only be carried out. (Anali/bt.) 

Cutting*. — (.*1) To cut glass j.irs, 
fill the jar with lard-oil to where you 
want to cut the jar ; then heat, an iron 
rod or bar to red heat, immerse it in the 
oil ; the unequal expansion will crack 
the jar all round at the surface of the j 
oil, and you can lift, oil’ the top part. 

(4-) The following is said to be an 
easy way of cutting glass bottles, car- 
boys, &«., into hand-lights. Pass f> or 
6 strands of coarse packiug twine round 
the bottle on each side of where you 
want it divided, so as to form a groove 
about L-in. wide; in this groove pass j 
one turn of a piece of hard-laid white 
line, and extend the two ends, and 
make them fast to some support ; then 
have a tub of cold water close to you, 
and, grasping the bottle by the neck 
with one hand, and the bottom with 
another, saw the bottle quickly back- 
wards and forwards for a short time ; 
you will soon notice a burning smell 
caused by the friction of the hard cord. 
After about one minute’s friction, by a 
side motion of the bottle, throw it out 
of the line into the water, and then tap 
against the side of the tub, when the 
bottom will drop off. Carboys can be 
cut as easily, but being larger, they 
require two persons to see-saw them 
backwards and forwards. The line of 
twine to form tl*e groove must he put 
on quite tight, ami then wetted to 
tighten more, so as not to shift ; but 
let the groove and stout cord be dry. 
The cutting cord should not be less 
than -J-in. thick ; the edge of the glass 
after cutting, should be rubbed on a 
grindstone, as it is very sharp. 

(5) If a bottle is to be cut into two 
pieces, a notch is filed in its side. Then, 
by applying a hot iron 4 »r glass rod, 
first on one side then on the other of 
the notch, a smooth crack J-in. long 
will sometimes form, lint as this does 


not always take place, and, as in cut- 
ting glass only one of the pieces is 
iv anted, a crack may be started well 
away from the desired place. Assum- 
ing such a crack to be formed, it may 
be led in any direct* on by slowly, 
moving in advance of it, and in contact 
with the glass, the end of a pipestem, 
of an iron or a glass rod, heated to a 
full red heat. The speed with which 
the rod is to be moved depends on the 
crack. It should be kept about J in. 
in advance thereof, and should be. 
moved continually away from the end, 
as the crack extends itself. In thh 
way a liask can be cut into a spiral, or 
heavy plate glass divided with fair 
accuracy. 

The great point is to have the line of 
the cut well marked. If a bottle is to 
be cut off, to make a battery jar for 
instance, a string tied or a rubber band 
spruug around it about J in. from the 
place of division forms a convenient 
guide. The cut may be cirried around 
parallel with the string or band. Then 
a half-hour’s grinding on a horizontal 
pane of glass, with sand, camphor, and 
turpentine, will finish the edge per- 
fectly. Jn marking the place for cut- 
ting, a pointed piece of soap may be 
used, as a string can only be employed 
on cylindrical objects. This method of 
working is attended with one incon- 
venience. Unless a rod of large size is 
used, continual reheating is necessary. 
A glass red as thick as a t i>enholder will* 
carry a cut about 2 in. at a heat. A 
pipestem or ten penny nail ^jll do the 
same. To obviate waiting, several rods 
may be used, some heating while one is 
in use. 

A fine gas jet, burning from a fine 
glass jet at the end of a rubber tube, 
lias also been suggested, but is incon- 
venient.. Little carbon pencils, that- 
burn with flameless incandescence, 
may lie used instead of «i heated rod. 
These, however, are troublesome to 
make. 

The use of what is soli> by the fire- 
works dealers under the name of punk 
was suggested by a consideration of 
points given tjbove. This ' substance 
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burns slowly, without llame, and main- 
tains a strong incandescence until quite* 
consumed. The incandescent part takes 
the shape of a cone, like a sharpened 
pencil. As long as the piece lasts, its 
burning end irtiutains this form. By 
Mowing upon it the heat can he 
materially increased. On trial, it was 
found to cut glass perfectly. The only 
objection to it is that if rubbed against 
the glass the ash soils its surface, so 
that the progress of the crack cannot 
• be conveniently watched. Hut in 
practice it is not necessary to hold it in 
contact with the glass, as it radiates 
heat enough to lead the crack, if held 
very dose and not m absolute contact 
therewith. 

By using punk the trouble of shift- 
ing from rod to rod and the necessity of 
a source of high heat, a Bunsen burner 
generally, is obviated. The punk can 
be lighted with a candle, or even w ith 
a mutch, and is ready for use im- 
mediately. A long stick will last, for J 
hour, enough to do a great deal of work. 
The only difficulty is in starting the 
crack. It may he done by heating the 
glass, and touching it with a drop of 
water. This generally starts several, 
and the one pointing in the most con- 
venient direction may be chosen, and 
carried where desired. The method 
first spoken of as applicable to bottles, 
that of filing a notch and heating the 
glass first on one side and then on the 
p other, cannot^je depended on. (JS. T.) 

Drilling. — (5) Glass may he readily 
drilled fig using a steel drill hardened, 
but not drawn at all, w r et. with spirits 
of turpentine. Run the drill fast and 
feed light. Grind the drill with a long 
point and plenty of clearance, and no 
difficulty will be experienced. The 
operation will be more speedy if the 
turpentine be saturated with camphor. 
With a hard tool thus lubricated glass 
can be drilled with small holes, sav tip 
to yk in., about as rapidly as cast sled. 
A breasl or row drill may be used, care 
being taken to hold the stock steady, so 
as not to break the drill. 

•(6) To file glass, take a 12 in. mill 
fil«», single cut, and w4t it with the 


above solution turpentine saturated 
with camphor — and the work can be 
shaped as easily and almost as fast as if 
the material were brass. 

(7) To turn in a lathe, put a file in 
tiie tool .stock and wet. with turpentine 
| and camphor as befoio. To square up 
glass tubes, put. them on a hard wood 
mandrel, made l»y driving iron rod with 
centres through a block of cherry, 
chestnut, or .soft, maple, and use the fiat 
of a single cut file in the tool post, wet 
as before. Run slow. Large holes may 
he rapidly cut hv a tube-shaped steel 
tool cut like a file on the angular sur- 
lace, or with line teeth, alter the 
manner of a rose hit; great care being 
necessary, of course, to bark tip the 
glass fairly with lead plates or other- 
wise to prevent breakage from unequal 
] treasure. This tool does not require an 
extremely fast motion. Lubricated as 
befoie, neat jobs of boring and fitting 
glass mav he made by these simple 
means. The whole secret is in good 
high steel, worked Jow, tempered high, 
and wet with turpentine standing on 
camphor. 

(K) The method usually recommended 
for boring a hole of ronsiderablc size in 
glass is l>y means of a copper tube fed 
with emery and turpentine. This may 
answer better in a vertical drilling 
machine than in ihe lathe, but amateurs 
who are not ordinarily happy enough 
to possess the former appliance, will 
usually employ the lathe, wherein it. 
does not prove a very satisfactory pro- 
cess, being difficult to manage, horribly 
dirty, and exavdingly slow. The pres- 
sure necessary also causes a piece to he 
punched out with chipping of the edges 
of the hole at the back before the drill- 
tube goes clean through. 

It is, of cour.se. quite easy to drill 
small holes in glass by means of a 
properly hardened *spear-pointed steel 
drill running at 100-200 revolutions per 
minute, and having to bore some 1 in. 
holes m discs of plate-gloss 3 in. 
diameter, I thought it w^rtli while to 
try what could he done with a steel 
tool. After several trials this finally 
assumed the form of a square^ended bar 
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ground flat on one end, so as to have 4 
working edges, and as a graver tool on 
the other, for clearing out the circum- 
ference of the hole as it progresses, and 
made very hard by getting, as the smiths 
say, “ all the water.” 

A couple of the discs were fixed 
together with turners* cement, and fixed 
centrally on a wooden face-plate by the 
same means. When cold, the square- 
nosed tool, held at an angle of 4b° to the 
horizontal, point downwards over the 
T-rcst, had one of its edges j tressed 
firmly against the 1 evolving glass. The 
lathe was driven at about <K> per minute, 
and the work lubricated by just, dipping 
the tool occasionally in turpentine. Too 
much turpentine flowing over the work 
does not answer. The action is not 
exactly a cutting one, but seems rather 
a kind of local breaking up of the glass 
immediately under the edge of the tool, 
which goes on evenly after the finest 
edge of the tool is lo^t, and is apparently 
the same as that which occurs in using 
the small drills for glass. 

The hole, however, went merrily and 
cleanly through the outside plate with- 
out any considerable chipping at either 
surface. The graver point was used 
when necessary to keep the sides of the 
hole parallel. When, however, the 
outer plate was wedged off by the 
insertion of a knife blade, and the 
second proceeded with, some chipping 
occurred at the inside surface, since the 
wood backing did not give a suflicicntly 
solid support. For this the remedy is 
easy and obvious. (J. Brown.) 

(9) To make a small hole in a plate 
of glass is a comparatively simple 
matter. All th.»t is required to do it is 
a very hard, sharp drill, some means 
for turning it, and a lubricant, such as 
turpentine, for causing the drill to cut 
rapidly. A drill made in the usual form 
from steel wire and hardened by heating 
it until it is dark fed and then plunging 
it in mercury, will he very hard, but 
not tough. Before the drill is heated it 
should be driven into a block of lead, so 
that its poinf will just bo enclosed by 
the lead, and after the drill has been 
hardened in the mercury its point 


should be inserted in the indentation in 
the lead, and the temper of the shank 
of the drill should be drawn over a 
lamp or gas flame to a blue. The lead 
prevents the drill point from becoming 
heated sulticiently to draw the temper, 
by conducting the beat/ way as fast as „ 
it arrives at the point. When the shank 
of t lie drill becomes blue to within a 
short distance of the lead, the drill, 
together with the lead, should be 
plunged into cool water. 

The drill prepared in Ibis way should 
be wet with turpentine while in use, to- 
cause it to “take hold.' 9 It is ad\iv- 
able to drill from opposite sides of the 
glass whenever this is possible. The 
hole may be enlarged by means of a 
sharp round tile wet with turpentine. 
When larger holes are required, these 
can not conveniently be made with a 
drill. A copper or brass tube charged 
with emery and water or emery and 
turpentine, and rotated in contact with 
the glass, will soon cut a hole a little 
larger than the tube. 

Simple ways of guiding and revolv- 
ing the tube are shown in Kig. 281 . The 
glass to be drilled, which may be the 
plate of an electrical machine for 
example, is placed upon a table with a 
few thicknesses of paper underneath its 
centre. Two blocks are placed on the 
table at diametrically opposite edges of 
the disc and a thick bar of wood, which 
is bored at the centre to receive the 
copper or brass tube, is placed upon the 
blocks and clamped firmly to the table.* 
The glass plate is arranged so that its 
axis coincides with that of tip 1 hole in 
the bar. The plate is then clamped in 
place hy gently inserting two wooden 
wedges between the wooden bar and 
the glass. 

Ti»e tube by which the cutting is 
done is stopped by a wooden plug at 
the middle of its length, and in the 
upper part is inserted a soft rubber 
stopper which rests upon the wooden 
plug, also a piece of heavy rubber 
tubing which rests upon the stopper, 
in the rubber tube is inserted one end 
of a close-fitting metal shank, the other 
end of which is fitted to an ordimffy 
0 
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drill stools ■ This arrangement provides 
fur a certain amount of flexibility in 
the connection between the tube and 
the drill stock. The tube is revolved 
by the gearing of the drill stock while 
it » supplied with a mixture of No. 4 
emery and wntef or emery and turpen- 
tine. The pressure on the drill stock 
should he light, and the tube must be 
lifted frcMuen'lv to allow a fresh 


ways, and may eventually come to re- 
place, at least in* part, engraving by 
means of a revolving wheel, or even the 
well-known hydrofluoric acid method. 

The apparatus used is xerv simple, 
and is shown in Fig. 282. Well-dried 
sand, contained in the cylindrical 
vessel a, is allowed to flow in a eon- 
tin nous manner through the tube c, 
whose length and inclination can be 



lVll'ng glass 




supply of emery to reach the surface i 
being cut. This device makes a hole j 
in the glass in a short time. 

If a larger aperture is desired, the 
glass is first drilled in the manner 
described, and enlarged by careful emit- 
ting with a diamond. ( Scient . Artur.) 

Etching! — (3) The process here 
described consists in corroding glass bv 
violently projecting sand upon its sur- 
face by mesms of a current of nir or 
steam. It is very probable that it will 
Ul found of service in a great variety of I 


Htchlng glass. 

» 

altered at will, so as to regulate the 
fall of the sand. The tube conveying 
the current of air or steam terminates 
just above this spout, in a nozzle con- 
taining a series of flue holes. I he 
sftiid, urged on by the jet, is throw n 
violently against the glass plate e , or 
other body placed within its range, and 
thus exerts a corroding action. By 
varying the quantity of the sand, the 
volume and ^velocity of t^£ current, as 
well a* the diameter of the jet, more or 
less rapid effects arc produced. 



318 


Gt.ASS MANIPULATING. 


Bodies much harder than glass have 
been submitted to the action of sand 
thus thrown forcibly Against their sur- 
face, and have been as rapidly worn 
away. Jn a series of experiments 
recently conducted in New York, a hole 
o cm. diameter was drillel through a 
block of corundum in *2.”» minutes, a 
pressure of 300 lb. being used. With a 
pressure of I<>0 lb., a ln»lo 3 cm. 
diameter ami H nun. depth w:b formed 
in a steel file in .'} minutes. The 
weight of a diamond was sensibly 
diminished in a minute, and a topaz 
utterly destroyed. 

In engraving on glass very little 
pressure is needed, the current from 
the bellows of an enamclicv’s lamp 
being quite sufficient. In this way the 
divisions on graduated tubes, the labels 
oil bottles, &c., can easily be engraved 
in laboratories with but little trouble. 

The portions of the glass which are 
to re ith paper, 

or with an elastic varnish, these sub- 
stances being sufficiently exempt from 
the corroding action of the sand. 

(4) A. Muller Jacobs has lately 
described a photomechanical process for 
etching on glass which possesses several 
el featu Thi h. pre- 

viously shown that certain resinatc 
colours are sensitive to light, and, after 
exposure to light., the dye st utf becomes 
soluble in alcohol or other solvent. 
The sensitive resinato is made as 
follows : — 

Colophony .. . . 100 grm. 

Caustic soda .. lo „ 

Crystals sodium 

carbonate .. 33 ,, 

Water JO0O c.e. 

The mixture is boiled for 2 hours with 
1000 o.o. water, and is then mixed with 
500 c.c of a hot solution of 7*5 grm. 
methyl violet 3 B (methyl green, 
chysoldine, magenta, &c,); fit) grm. 
magnesium sulphate are now r gradually 
stirred into the solution, and the pre- 
cipitated colour is washed and dried at 
00° C. The sensitive film is prepared 
from these resinato colours by dissolv- 
ing a mixture of 20 gr # m. resinato 
violet, 8 grm*. resinato green, 8 grm. of 


the chysoldine, and 4 grm. of the ma- 
genta in 1 .‘50 c.c. pure benzene and 70 c.c. 
chloroform. This solution is then 
mixed with 120 c.c. of a caoutchouc 
; solution (.“>0 grm. caoutchouc, digested 
! with 40m » grin, carbon bisulphide, heated 
on a water hath until half the bisul- 
1 phide has dUtillel then benzene 

j added to make the total weight 3333 
j grm.) After standing for a few days 
i tin* solution is filt ere l through cotton 
1 wool, and kept in the dark for use. 
The plates can he either of metal or 
glass, and are coated with this mixture, 
dried, and exposed to light under the, 
negative which is to he reproduced, 
j The time of exposure varies from J to 3 
hour*, depending on the intensity of 
light and the relative amounts of green 
and red dyestuffs in the resinato colour 
used. The exposed plate is kept in a 
cool, dark place until ready for de- 
veloping. This process c onsists in im- 
mersing the plate in a solution of 1 
part benzene and 3 parts turpentine. 
After the solution of the soluble 
colours, the plate is washed in petro- 
leum spirit and made ready for the 
etching process. Kor matt etching on 
glass the author recommends fuming 
hydrofluoric arid containing 10 per 
cent, of water. ( Industries.') 

(5) Comparatively cheap etching 
solutions can be prepared, xvhioh are 
equal in effect to the expensive fluorine 
salts. 

I. Two solutions arc first prepared, 
{a) consisting of 10 grm. soda in 20 
gnn . warm water, (A) consisting of 
10 grm. potassium carbonate in 20 grm. 
warm water. .Solutions («) ayd (A) are 
now mixed, and to the mixture is added 
20 grm. concentrated hydrofluoric acid, 
and afterwards a solution (c) consisting 
of 10 grm. potassium sulphate in 10 
grm. water is added. 

IJ. Mix 4 c.c. water, 1-jL grm. potas- 
sium carbonate, 0*5 c.c. dilute hydro- 
fluoric acid, 0*5 c.c. hydrochloric acid, 
and 0*5 c.c. potassium sulphate. This 
mixture is treated with hydrofluoric 
acid and carbonate of potassium until it 
produces the required degiee of opacity 
on being tried upon a piece of glass. 
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The addition of a small quantity of powdered crystal liked soda, 100 c.c. 


hydrofluoric acid to solution I. brings 
about a fine granulated appearance on 
t lie surface. (Luincr.) 

(IS) A still simpler process than 
♦otlit r of these lias been invented by 
Kaiiipniann. In preparing an opaque 
etching fluid Kampmann uses a wooden 
vessel, the iron'fittings of which are 
protected from the corrosive action of 
tin* acid fumes by a layer of as- 
pha) tons material. This vessel is filled 
to about -} t its contents with strong 
hydrofluoric acid, which is then par- 
tially neutralised liv cautiously and 
gradually adding some crystals of soda; 
more soda is added, and the mixture is 
stirred with a small wooden rod. The 
point at which the neutralisation of the 
acid should cease is indicated by the 
mixture frothing and becoming sulli- 
liently viscid to adhere to the stirring 
iod. It is*, perhaps, scarcely necessary 
to say that the acid fumes are highly 
injurious, and that this process should 
he carried on in the open air, in order 
to allow the vapour to pass rapidly 
a way. The most hygienic and satisfac- 
tory process of all would be to carry 
on the operation in a <k draught cup- 
board.” 

The contents of this wooden vessel 
now consist of sodium fluoride and the 
uimeutralised hydrofluoric acid. This 
mixture is transferred to a wooden tub 
and diluted with f»— 10 times its volume 
of water, according to the degree of 
dilution desired. It is objectionable to 
# use the mixture in a too highly concen- 
trated condition, for then the etched 
surface of the glass is irregular, coarse- 
grained, Und apparently strewn with 
tiny crystals; if, on the other hand, 
tin* dilution is too extreme, the etched 
surfaces will he transparent, instead of 
opaque. Hither of these two conditions 
<d the etching fluid can easily he reme- 
died, for if it be too strong water must 
be added, and if too weak, a small 
quantity of l^drofluoric acid partially 
neutralised with soda. A good recipe 
f°r preparing a small quantity of this 
etching fluid *• the following; 240 c.c. 
commercial hydrofluoric acid, 600 grin. 


water. 

These etching fftiids are best used by 
taking the following precautions. The 
glass is first thoroughly cleansed from 
all impurities, an l is then provided 
with a rim of wax composed of the 
following ingredient. : — H ops wax, tallow, 
colophony, and powdered asphalte, 
kneaded together. The rim prevents 
the acid fiom spreading over those parts 
of the surface which it is not desired to 
etch. The glass is then etched for a 
few minutes with an ordinary etching 
solution (11. F. — 1: 10) which is then 
poured oil, the surface being afterwards 
washed with water and wiped as dry 
as possible with a pirn* of sponge. The 
surface is then ready for the opaque 
etching fluid, which is poured on till 
it. forms a thick layer. The operation 
is allowed to progress for one hour, 
when the liquid is poured away and 
the surface washed with water. Water 
is further allowed to stand on the glass 
until a thin film of silicate is observed 
to loiiu; the film is then brushed off, 
the surface is finally cleansed with 
water, and the wax is removed. 

1>V varying the action of this opaque 
etching fluid or paste, various degrees 
of opacity may be produced, and if the 
opacity be greater than that which is 
desired, tiie surface can be cleared to 
any extent by using the etching solu- 
tion of hydrofluoric acid. 

Prosting. — ( f > ) Verre Oivre, or 
hoar-frost glass, an article now made in 
Paris, is so called from the pattern 
upon it, which resembles the feathery 
forms traced by frost on the inside ol 
the windows ig cold weather. The 
process of making the glass is as fol- 
lows : — The surface is first ground 
either by the sand blast or the ordinary 
method, and is then covered with soft 
varnish. On being dried, either in the 
sun or by artilicial heat, the varnish 
contracts strongly, diking with it the 
particles of glass to which it adheres; 
ami as the contraction takes place along 
definite lines, the pattern produced by 
the removal # of the particles of glass 
resembles very closely tfe branching 
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crystals of frostwork. A single coat 
gives a small, delicate effect, while a 
thick film, formed by putting on two, 
three, or more coats, contracts so 
strongly as to produce a large, bold 
design. liy using coloured glas<, a 
pattern in half-tint may he made on 
the coloured ground, and after deco- 
rating white glass the back may be 
silvered or gilded. 

Powdering 1 . — Powdered glass is 
frequently used instead of paper, cloth, 
cotton or sand for filtering varnishes, 
acids, &e. It is not soluble or corro- 
dible. Sand, if purely silicious, would 
be better, but such sand is difficult to 
get; it too often contains matters 
which are easily corroded or dissolved. 
Powdered glass when glued to paper is 
also used for polishing wood and other 
materials. It cuts rapidly and cleanly, 
and is better than sand for most pur- 
poses. Glass is easily pulverised after 
being heated red hot and plunged into 
cold water. It cracks in every direction, 
becomes hard and brittle, and breaks 
with keenly cutting edges. After being 
pounded in a mortar it may be divided 
into powders of different degrees of 
fineness by being sifted tli rough lawn 
sieves. 

Stoppers, fitting. — Very few 
stoppers properly fit the bottles for 
which they are intended. The stoppers 
and bottles are ground with copper 
cones, fed with sand and made to re- 
volve rapidly in a lathe, and the 
common stock are not specially fitted. 
To fit a stopper to a bottle that has not 
been ground, use emery or coarse sand 
kept constantly wet yith water, and 
replaced with fr«*sh as fast, as it is 
reduced to powder. When all the 
surface has become equally rough, it 
is considered n sign that the glass has 
been ground to the proper shape, ns 
until that time the projecting parts 
only show traces «of erosion. This is 
the longest and hardest part of the 
work, as after that the glass simply 
needs finishing and polishing. For 
that purpose emery only ( can be used, 
owing to the fact that the material can 
be obtained of any degree of fineness, in 


this respect differing from sand. Other** 
wise the operation is the same as before, 
the emery being always kept moistened, 
and replaced when worn out. The 
grinding is continued until both the 
neck of the bottle and the stopper 
acquire a uniform linisj^ of a moderate 
degree of smoothness, and until the 
stopper fits so accurately that no shake 
can be felt in it, even though it be not 
twisted in tightly. 

Tubes, sealing. — To seal tubes 
hermetically after gases have been 
admitted under pressure, the following, 
arrangement was employed with com- 
plete success : — The experimental tube 
A is joined to a T-piece II, the lateral 
limb of which is constructed, as shown 
in Fig. 283; a glass plug t> is ground 
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into the tube at E, and serves the pur- 
pose of a valve opening inward. When 
gas under pressure is allowed to enter 
the tube at G, the valve opens, but on 
removing the pressure from without it 
at once closes ; the escape of gas from 
A is thus prevented, and the tube may 
be sealed before the blowpipe at 
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When the tube contains a liquid, the 
plug should ho moistened with it ; this 
will prevent the escape of gas while 
the tube is being sealed, even though 
the plug does not fit. very accurately. 
In the absence of any liquid, greater 
care in grinding the plug is required. 
The tube F serves for the admission of 
liquid into the experimental tube in the 
lust instance; it is t ben rinsed, and at 
the end of the experiment it is opened 
and the contents of the tube are re- 
moved. The rest of the apparatus is 
thus kept, intact, and may be used 
repeatedly, especially if the tube at II 
is fairly long (A. Richardson, in 
C/u'm. liars.) 

Modelling and Plaster 
Casting. 

Modelling in some plastic material 
is the first step in learning to execute 
work in more solid materials, such as 
wood* and stone. With a plastic sub- 
stmee, such as clay, it is possible to 
correct errors and introduce improve- 
ments while the design is in course of 
development, and Various ideas can be 
worked out easily and rapidly in a 
preliminary manner which will indicate 
very faithfully what the effect would be 
in wood or marble, papier mnch< or 
leather. Moreover, when propel* day 
is used, the model itself may he baked 
and rendered permanent.. 

The Workshop . — The room or work- 
top where modelling is to be carried 
on should be reserved for that purpose, 
or a portiem of a room may be so used. 
The iloor should either be bare boards 
or covered with oilcloth. Under a 
window should stand a firm table, with 
the light falling on it either in front or 
0,1 the left side. This table will be 
surmounted by a slate or stone slab, or 
by a wooden stand on which the clay is 
manipulated. A slab is preferable to 
wood, as being* unaffected by the mois- 
ture exuding from the clay. When 
ft wooden stand is used, it may take 
the form shown in Fig. 284. This is 
made of ordinary deal, the sides being 
weft cl am peel to ensure rigidity, and a 


couple of coats •of paint or varnish 
being applied all over as a preservative. 
The working face a will be much im- 
proved by laying a piece of school sl.it.o 
over it. The dimensions of a must in 
some meaMiic depend on the work in 



1 baud, but about 2 ft. from side to side, 
s and 1} ft. from top to bottom edge are 
average figures. The height above the 
floor should be such that the work to 
lie modelled comes level with the work- 
man’s fare, standing. A bandy accessory 
to the modelling stand is a miniature 
, turn-table carrying the slate; a piece 
of board with a pin attached to the 
back, fitting into the bole in <i will 
, answer the purpose, and great h iaeili- 
, tates getting at all sides of the object 
, under treatment ; but it lias this dis- 
> advantage, that a certain degree of 
, instability is iut induced ; slate on the 
| modelling stand may be replaced bv 
’ covering the latter with sheet, lead or 
i zinc, anything in fact which xvill not 
>sorb moisture. 

The Material,— (a) Votterv Clay. — 
Many workmen employ ordinary blue 
clay such as is used for making earthen- 
ware, and commonly known as kaolin. 
This may be purchased at the places 
where it is dug, in Dorset, Devon, 
Cornwall, &c., or from potiers in any 
part of the kingdom# In large quan- 
tities it costs about f M. a ton ; in lessor 
S parcels about 4— fin. a cwt., and in still 
| smaller about. It/, a lb. Hut not less 
1 than } cwt. is of any service, as its 
weight is disproportionately greater 
( than its bulk. In quality it should lie 
as pure as possible, not. gritty, and 
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capable of being iroi'Jv worked. Colour 
is no guide, being due to the presence 
or absence of a small proportion of iron, 
and van in g an ordingh from a reddish- 
brown to n pale-grey tint. When pur- 
chased from dealers .it 'about I Us. a 
cwt. it should be in a lit slate for use; 
but when bought at tbe pit or from the 
potter it will be in tbe rough state, and 
must undergo a refining process before 
application. 

This refining process consists in \erv 
carefully cutting tin 1 mass up by means 
of wires fitted in handler., winch will 
reveal the present e of anv coarse or 
grittv part nles. Or it may be sub- 
jected to a thoiough beating with an 
iron lur, all foreign mat tin* being 
picked out as diseoveied. This mu-t 
be followed by a kneading process, 
whereby its consistency is r«*ndeicd 
suitable and honmgrneoii Suitability 
in this case mean-, somew hat sott< r than 
putty, so that it. can be I reel v and 
readily worked and funnel by the 
lingers. It' it become, too soft, this 
can be lemediod by leaving it open to 
the air for uwlnl", when it soon Joses 
part of its moisture; if too dry, it 
must be broken up in water and re- 
kneaded, unless adding a little water 
and folding a wet cloth round it will 
Mifliee, as it sometimes docs. The 
addition of a little line sand well in- 
corporated with the mass facilitates tbe 
working, especially in large objects. 

Having worked the day iuto good 
condition, the next thing is to keep it 
so, which simply means preventing it 
from drying. Nothing mowers the 
purpose better than !. glazed earthen- 
ware i an of a capacity of (i-7 gal., 
which can be furnished with a wooden 
cover, and at the bottom of which a 
little water is put.. Here the clay will 
remain soft ior many weeks. Even 
when not in usc^ day should never be 
allowed to get quite dry, but. always 
put in the pan with wafer and worked 
up. The more it is used the better it 
becomes, getting seasoned as it were. 
As soon iu a model is* done with it 
should be broken down into walnut - 
sized pieces, very carefully examined 


for possible impurities, and put to soak 
at once. The same rules as to moisture 
bold good in the unfinished or finished 
model as in the original day. Without 
application of moisture the day will 
quiikly dry, tbe sequel to which is 
shrinkage and erne ktr T he remedy n 
to occasionally sprinkle tbe model with 
water from a brush or sprav-bottle 
while at work on it, and to always 
keep it surrounded by a moist envelope 
when not at work on it. This envelope 
usually takes tbe form of calico next 
the model, and coarser more absorbent 
cloths outside ; and when it is deM- 
r.ildc not. to allow contact between tin* 
envelope and tin.* model, tbe latter is 
protected bv a slight wooden frame- 
work, or bv inserting little sticks into- 
the model where they can do no harm, 
and bolding the cloths off h\ then 
projecting ends. As an extra pre- 
caution, a waterproof material luav 
form an outside covering as it will 
moie elicit ually prevent evaporation. 
Changes of temperature should lie 
guarded against, and especially ex- 
tremes whether of heat or odd. 

(/') Pipeclay. — Much the same con- 
ditions apply to pipeclay as to china 
clay. it. may lie obtained of plasterers 
and pipemakers, the latter being Ir*- 
likely to contain fragments of plaster of 
Paris, for which it must be carefully 
examined. 

The T mh . — The tools required are 
of the simplest description and may all 
be made at home, or* purchased frott 
edge-tool dealers. Those made from any 
hard close-grained wood sifdi as pear, 
are just as good as more expensive 
articles in bone or ivory. Fig. 2H. r > n 
a chisel-shaped tool with a bent point; 
Fig. ‘28b, a flat blade with one edge 
smooth and the other serrated ; Fig. 
287, a double spoon-shaped or bent 
spatula; Fig. 288, a combined sword- 
blade and pointed spoon ; Fig. 289, an 
oblique chisel edge and 1 sharply curved 
spoon bowl ; Figs. 290, 291, flat bowl 24 
for roughing out ; Fig. 29!£, a com- 
bined bent point and ^toothed blade ; 
Fig. 293, a wire tool; Fig. 294, » 
toothed rake of* bx'ass wire, which fl^y 
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Le in sevenil sizes, from J in. lo 
in. across the edge a. Fig. !iib> a 
handled blade of flattened brass wire. 
All the wooden tools can bo easily cut 
out of ] »ear wood with a pocket knife, 
an<l finished with a rasp and tine sand 
4 >n per. They are^yiainly destined to re- 
place the modellers thumb where that 
cannot he used, and the chief tiling to 
guard against is the occurrence of points 
or sharp edges. A few odd pieces of 
pearwood at hand will always enable t lie 
modeller to cut a new tool for any par- 
ticular piece of work in hand. The 
simplest is the best. Other necessaries 
will he a serrated straight-edge about 
18 in. long for smoothing backgrounds, 
a fine sponge, a plummet., a pair of 
.callipers which will cniluace the 
shoulders, and a pair of compasses. 

The Operation . — Select a very simple 
image on which to trv your pi entice 
hand. Place it at a convenient height 
level with the modelling table. Pre- 
pare. foundation of the necessary 
thickness, taking great, care to work it 
into a uniform and coherent mass. 
Level it true with the straight-edge, 
and place temporary strips of wood at 
the sides, as a guide. From the mass 
carve away very gradually, by a scraping 
motion, from the necessary parts so as 
to create a broad general resemblance 
to the selected object, always avoiding 
taking away too much, and frequently 
checking dimensions by the compasses 
and callipers. It will only be alter 
Vine practice thjjt. the eye will he able to 
grasp the essential features, and detailed 
work Khouy not he attempted till suc- 
cess attends the efforts made in holder 
subjects. The most, important point is 
lo so work that the whole operation 
shall consist in cutting awn v, and a\«nd 
ha\ing to build up. Added portions 
will rarely have exactly the same consis- 
tence! as the body, and unless very care- 
fully attached will he insecure. Solid 
objects, such a« animal images, busts, 
&c., will be the easiest to commence on. 
Foliage and articles of fine texture are 
much more difficult to imitate. 

The first step in Laying the foundation 
is % accurately sketch thp outline of 


the proposed object, on the mode] ling 
board, by means oV penul or era von. 
Coinnieiwe with day that is fully soft, 
and always avoid retaining it too long 
in the hand, as it thereby soon diies anil 
loses its cohesion. Work the clay into 
little rolls and lay it- on by holding the 
roll in one hand and pressing tlu* clay 
into place with the other. The chisel- 
shaped tool is employed to keep the 
clay correctly to the pattern, and the 
greatest care must he exercised to press 
it perfectly down and prevent any air 
bubbles or other impediments to absolute 
adhesion between clay and hoard. The 
foundation must, he finished all over 
before any building up is attempted. 
This refers, of course, to flat woik, such 
as panels, which are afterwards to he 
copied in wood. When making additions, 
it is very essential that both surfaces to 
he joined should he somewhat softer than 
the hulk. 

Atoih'dhnj in Wlt is better adapted 
for small objects. The material consists 
of wax slightly coloured by the addition 
of a pigment and somewhat, softened by 
a solvent. A good recipe is said to In* : 
-00 parts clear wa\, ‘JG Venice turpen- 
tine, l‘» lard, and 14 o precipitated hole, 
mixed and well kneaded in water, liui 
many prefer to purchase prepared wax 
from an artists* cohuirman. Thu tools 
used are the same as for clay, hut 
smaller, blunter, and generally of hone. 
The operation consists in building up 
rather than cutting down ; and the 
chief precaution is to keep the tool 
moistened with water to prevent adhe- 
sion. Considerable practice with clay is 
a good prelimin.rjjf to trying wax. 

Piaster Cast an /. — (1) The model (of 
clay or otherwise) is fiist eoxered with 
a lax or of good plaster of J'niis mixed, 
or u gauged,** as plasterers call it, to the 
consistence of hatter, and coloured with 
a little red or vellow ochre. This layer 
should average about* J in. thick. It 
is best applied with the pewter or metal 
spoon used to mix the plaster with. 
The plaster is mixed in a basin half full 
of water, into ^vhich it is ^ rink led by 
the hand, as oatmeal is sprinkled in 
making stirabout ; when the plaster 
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roaches the surface of the water, it is 
about sufficient, hut experience soon 
teaches the right proportion. The 
mixed pla-ter can be jerked by a dex- 
terous twist of the spoon into the deep 
linden ut places, and care must he 
taken not to inclose bubbles «»f air. 
A practical moulder wool I place the 
clay slab in a vertical position, as lie 
would seethe piocess of his work better. 
A large model would lequire several 
mixings of plaster, as when the plaster 
begins to set. or harden, it is useless for 
moulding. When the lirst coloured coat 
of plaster is hardened, a wash of day- 
water .should he applied nearly all over 
it, and the second coating, u hkh may be 
of coarser stuff, put mi t.«» the thickness 
of about 1 in. If the mould is v»ry 
large, some strips of ii on nail rod, J in. 
square, may be imbedded in the hack of 
the mould to pnrvont warping. When 
the mould is set hard, it must he turned 
over, and the day pb ke-i out. If the 
work has been modelled on a hoard or 
slate, or best of all, oh a plaster slab, if, 
may be neress.in to pa^s a wire between 
the day and the hoard to separate them. 
When the mould lias been well cleaned 
and washed with a soft brush, it should 
be soaked in a tub of water until quite 
saturated through and through, drained, 
but not wiped, and a sufficient quantity 
of superfine plaster, carefully mixed, 
poured into it, and, by moving the 
mould about, carefully distributed all 
over. Tlii-i may he backed with coarser 
plaster, and strengthened with iron 
ro Is, which in this case should he 
painted or coated with a varnish of rosin 
and tallow'. When th j cast is set hard, 
the most difficult part, called *• knocking 
out,” begins. A light mallet and a 
carpenters’ firmer chisel, by a few 
dexterous strokes applied upon the edge, 
will separate the coarse outer backing 
of the mould, prevented from the wash 
of clay water from adhering to the first 
coluuied layer. The cast should then 
be placed upon a soft elastic bed — an 
empty sack folded is as good as any — 
and by gentle taps, holding the chisel 
perpendicularly or nearly. so, to the face 
of the w'oik, the coloured plaster 'may 


he snapped off, sometimes in large, some- 
times in minute pieces, the colour pre- 
venting the operator chipping away the 
best part of his work, which may happen 
when mould and oast are of one colour. 
A chisel 1 in. or more broad may be 
used forthe fir^t. roiyh work; sum! leg 
| will be required for indicate parts. 

A figure in the round may be moulded 
by the same process, hut the mould must 
he in two parts. A ht rip of clay 1 in. 
or .so w’ide must, he fixed all round th<! 
clay figure, to he removed when the 
first half of the mould h done. Tl^r 
edge of tin* tir^t half must have suuk 
holes, made by any convenient steel 
modelling tool, to ensure the fitting of 
the two halvesof the mould. Projecting 
limbs must he cut off with a fine wire,, 
and cast separately. If an iron support 
enters the hack of the model, a little 
clay must he put lound it, close to the 
model, to enable the iron to be drawn 
through the mould, and the hole in the 
| mould sloppel up with plaster The 
two parts, carefully saturated and hound 
together, may he about, half-filled with 
well-mixed superfine plaster, as thick as 
cream, which, by carefully turning and 
inclining the mould, can he made to 
cover the whole of the mould, leaving a 
large hollow to he filled with a coarser 
plaster, m which a painted iron rod may 
be inserted, flood plaster smells sweet, 
sets in 10-20 minutes as hard and as 
crisp as loaf sugar, lhid plaster smells 
of siil jdi nr, and never sets hard. Be- 
ginners must make su^e of their mate- 
rials, and even then should try their 
hands on unimportant work^, 

Small reliefs may he moulded in wax. 
A border of clay or strips of wood a 
little higher than the highest part of 
the model must be fixed all round, and 
melted beeswax with a little rosin and 
tallow added, poured over the clay. 
When the wax is cold, and the clay well 
washed out, superfine plaster can be 
poured in as into a plaster mould. The 
wax is afterwards melted off or softened 
before a fire and peeled off, to serve 
again as often as you please. Hands and 
arms, and legs and feet, can be easily 
moulded in plaster, care being taken to 
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grca. c or oil the; skin well. The outside, 
of the moulds may Ik; deeply .scored 
before the planter sets, so as to break 
off in convenient pieties for putting to- 
gether again. 

In taking the cast, of the lace of a 
living subject (or victim), he or she 
' should be placec'Ontting in a chair as if 
about to be shaved; the skin carefully 
greased, the hair and eyebrows smoothed 
down with clay or soil soap and super- 
. fine plaster, slightly eoloured with ochre, 
mixed in warm water, dexterously 
splashed over the face with a silver 
'spoon, care being taken to leave the 
nostrils fire. The mould should not. be 
quite J in. thick, and ma\ be bioken off 
in two or three pieces, which can he 
afterwards Joined. 

(‘2) To prepare Planter of Paris. — 
Immerse the unburnt g\psum for la 
minutes in water containing S 10 pel* 
cent, of sulphuric acid, and then calcine 
it. Prepared in this wav it sets slowly, 
but makes excellent casts, which are 
perfectly whit" instead of the umi.i1 
greyish tint. 

(II) Transparent Casts. — Beautiful 
semi-transparent casts of fancy articles 
may he taken in a compound of 2 
parts unbaked gypsum, l of bleached 
beeswax, and 1 of paratlin. r J lu> be- 
comes plastic at 120° J*\, and is quite 
tough. 

(4) To toughen Casts. — Immerse in a 
hot solution of glue long enough for the 
mass to be well saturated. They will 
bear a nail driven in without cracking. 

* (.*>) Mending* Models.- — S.indorae var- 

nish is the best material. Saturate the 
broken siftfaccs thoroughly, press them 
well together, and allow them to dry. 

(fi) Plaster Moulds. • — Glycerine is 
said to he a good coating for the interior, 
but practical plaster moulders still use, 
as of old, a mixture of lard and oil. 

(7) With small Models. — For making 
small models in plaster, gelatine is 
generally used. Good glue, mixed with 
treacle or glycerine answers every pur- 
pose. The composition that the “ chro- 
mograph ” is # made of will answer very 
well. The model is immersed in it, and, 
^hen coo], a cut is made with a sharp 


knife, and the clastic nature of the com- 
position allows thcaanodcl to be taken out. 
The mould should be greased lie fore the 
plaster is poured in ; when set, it is 
extracted in the same manner as the. 
original model. Large figures are poured 
in planter moulds; these are made in 
pieces, which are fitted together with 
wooden pegs. The peg i.s inserted in 
one pmee before the plaster sets. This 
piece is tumnied <>1V, m order to prevent 
the wet pi. i dei adhering to the next 
piece; tin* bitter should be greased 
with bird; the whole* of the mould is 
thus limit up of pieces, in pouring the 
model, pieces of wood or wile should be 
placed in the legs or amis t«> strengthen 
them. To cast brass m plaster, the 
mould should be previously made hot, 
which might be latal to the stability of 
the plaster. 

(S) To make casts or moulds of plas- 
ter of Paris from metal types, without 
air-bubbles or “picks,” me the finest 
and purest plaster of Pans obtainable. 
When tilling a mould, learn to bear, up 
the requisite quantity of ere im quickly, 
and with can* to avoid making it too 
thick. In pouring this in, use a good 
camels' hair brush to displace air- 
bubbles; a men* surface cover of this 
thin cream is all that, is requisite. 
While doing this, 1mm* ready the thicker 
plaster, of the consistence ot lights} nip, 
and fill up tin* mould at once. Jn about. 
20 minutes yon can open the mould, if 
your plaster is pine and has been pro- 
perly mixed. If you do not put too 
much oil on the type, and have used 
your blush properly, you will lind 
clear, sharp moulds. 

(0) Metal irffly be; east, in moulds 
made of plaster of Paris and talc mixed ; 
or of pounded pumice and plaster of 
Paris in equal quantities, mixed with 
washed clay in the same proportion. 
The; mould must be heated very hot 
whe:n Used, if the cq^t is to le made of 
copper or brass, hut a less degree of 
heat w i 1 1 serve for lead and tin. You 
inav safely use plaster for zinc castings, 
taking the precaution of thoroughly 
drying the farts of the %nould, e.g. in 
tin* kitchen-range oyen ; care, however, 
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must bo taken not to use too much heat, 
or tin; plaster will !»• burned — ■jii'.l as 
much as is unpleasant ly hot. to the 
baud. The zinc should not be hotter 
than will s^i vc it, sufficient, fluidity for 
pouring. in this way 4 or good 
castings may be taken, after wducli the 
mould gels cracked and sc.iles on the 
surface; this spoils it for fine work, 
but is of little consequence for battery 
zincs. 

(In) In many eases it is advisable to 
preserve copies of small cirved objects 
for future use, and this is c.isilv done by 
taking a jdister cast of the work. To 
lake an impi es-doii of the object of 
which a i ast is desiicd, a substance 
known as squeeze-wax is used, and this 
is made of the following ingredients, 
viz.: 2 lb. flour, J lb. best beeswax, 

4 lb. linseed oil, and a small quantity 
of rou op ; these should be tlioi numbly 
mixed together, and then exposed to the 
air. Shnul t the squcc/,c-w ax b(»eome | 
hard at any time, it may easily be 
softened by slight Iv wanmtig and well 
kneading. In taking a east, the w r ax 
should be well piessed into every por- 
tion oi' the work, and tln-n gently w ith- 
drawn, the mould thus formed being 
filled with plaster of Tans, the plaster 
having been mixed with water until it 
is of the consistence of cream. After 
standing for a few hours Ihe squeeze* 
wax can he taken off, leaving a copy of 
the carving in plaster. Care should be 
taken to obtain the plaster fresh, as 
after being exposed to the air it loses 
some of its properties, and does not 
harden well. These remarks on taking 
plaster-casts apply only to small objects 
that arc not deeply undercut ; larger 
cast-*, an 1 casts of subjects carved on 
more than one side, are taken in 
section 

(11) Anatomical Specimens. — Pre- 
pare the ppecnm n bv making it as 
clean as possible; ^lace on oiled paper, 
in a position that w ill show it to advan- 
tage. Soft projections may he held in 
position w r ith threads suspended from a 
frame or from a heavy cord stretched 
across the ro',»m. Parafliirinelted on a 
water bath is paintcl oyer thp pnq»ar f v 


tinn with a soft brush, the first layer 
being put on with single and quick 
strokes, that the rapid cooling of the 
paraflin may not cause the brush to 
adhere to the prcpaiation, thus drawing 
the soft tissues out of place, until the 
mould is formed about ’ in. thick : all 
undercuts must, he w/d filled. When 
the mould is hard it can he readily 
separated from the preparation; it is 
then well washed with odd water. Stir 
tine driit.il jdaster into cold water to 
consistency if cream, pour into the 
mould and out again several times, so 
that fheie will he no air bubbles on the 
surface, then fill the mould and let it 
si and until hard. Place the xvhole in a 
x essel containing boiling water until 
the paraffin is all melted; wash with 
clean boiling water. When the cast is 
thoroughly dry, it may be painted with 
o.l colours bv coating it first with 
shellac varnish, lasts of any part of 
the body may lie made from a living 
subject, if the parts are not too sensitive 
to bear tin* heat of the paraflin, which 
vaiies from 104 ' to 140° F. 

(12) Natural Objects. — Taking plaster 
casts of natural objects is thus explained 
by Pnd’. Boyd Dawkins : — The material 
of the mould is ai lists’ modelling wax, 
which is a composition akin to that used 
by dentists ; and as it becomes soft aud 
plastic by the application of heat, though 
in a cold state it is perfectly rigid, it 
may he applied to the most delicate 
object, without injury. As it. takes the 
j most minute markings and striations of 
: Ihe original to width it * is applied, the* 
microscopic structure of the surface of 
flu* original is faithfully reproduced in 
the cast.. The method is briefly this 
■ Cover the object to he cast, with a thin 
powder of steatite or French chalk, 
w hicli prevents the adhesion of the wax. 
After the wax has become soft, either 
from iinmcr.sion in warm water or from 
exposure to the direct heat of the fire, 
apply it to the original, being careful to 
press it into the little cavities. Then 
carefully cut off the edges of th/5 wax all 
round, if the undercutting^ the object 
necessitates the mould being in 2 or 
more pieces, and Ipt the wax copl w i^l 
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the object in it, until it is sufficiently 
hard to hoar repetition of the operation 
on the uncover* 1 '! portion of the, object. 
The steatite prevents the one piece of 
the mould sticking to the other. The. 
original ought, to he taken out of the, 
mould before the latter becomes per- 
fectly cold and "'iigid, or it, will he verv 
difficult to extract. Next pour m plas- 
ter of Pans, sifter baling wetted the 
mould to prevent bubbles of air lurking 
in the, small interstices; and if the 
mould he in *2 pieces, it is generally con- 
venient. to till them with plaster sepa- 
rately ludoie putting them together. 
Dry flie plaster casts either wholly or 
partially. Paint the casts in water- 
colours, which must l»e iainter than the 
hues of the original, because the next 
process adds to their intensity. The 
delicate shades of colour in the original 
will he marked in the cast bv the dif- 
feieut quantity of the same colour w hich 
is taken up by the different textures of 
the cast. Alter lining the cast, steep 
it m hard pa ratlin : ordinary puratlin 
candles will sene t lie purpose. Cool, 
and hand-polish the cast with steatite. 

(Id) Photographic Plaster Casts. — 
The following method of taking plaster 
casts by means of photography origi- 
nated with Fink. 

An ordinary piece of patent plate- 
glass, which should measure 2 or d in. 
each way bigger than the original, is 
coated in the dark-room with a mixture 
made up of the following solution : — In 
lo oz. water is dissolved 1 oz. potash 
bichromate, t?ie former being wanned 
gently, and then gradually 2 oz. gcla- 
tiue are^idded. As soon .is the latter 
has dissolved, and the solution has about 
rcaehed the simmering point, it, should 
he filtered through tine linen into a glass 
beaker, and then poured upon the gla^s 
plate ahoi e referred to. The gelatine 
solution is poured upon the centre of 
the plate, and then drawn towards the 
margins by means of a tine brush. It is 
applied again and again until the thick- 
ness amounts to about. 1J line. As 
plates prepared in this way require 2 to 
d days to dry, it, is well to prepare a 
gf*>d many at one time, and tr» pj.irc 


them when dry in a hox well screened 
from the light. • The sensitiveness of 
the plates has not. been found to sutler, 
even after preservation for a period*of t> 
weeks. 

When a suitable negative lias been 
obtained of the object, and, furthermore, 
a duipositivc from the negative, the 
prepared plate is placed, face down- 
wards, against the collodion side of the 
cliche in the printing-frame, ami printed 
in diffused daylight for a period varying 
from 10 to 4 u minutes. The plate is 
then taken out of the printing-frame (in 
the dark room), put into a dish, and 
poured oier with Juki* w arm water until 
the relief is fully developed. The plate 
is then dried by means of filter-paper, 
and coated with glieerme (any super- 
fluity of this substance being also rc- 
moied with tiller-paper), a fine ami 
large badger brush being employed for 
the purpose. 

The plate, which has hitherto been 
manipulated in the dark, may, after the 
development of the relief, be further 
manipulated in daylight, and the plaster 
cast proceeded xvitli in an ordinary 
workroom. The manner of making the 
cast is as follows : — In a couple of eva- 
porating dishes, some alabaster gypsum 
is put, and two mixtures are made with 
ordinary spring water, one having the 
consistence of oil, and the other that of 
thick cream. The gelatine mould is 
taken in one hand and a little of the 
thinner plaster liquid is poured upon it, 
the mould being at the same time tapped 
with the open hand from the bottom, in 
order that, no air-bubbles be formed. 
After this tin* plate is placed horizon- 
tally upon a taTle, and the thicker paste 
is pomed <»n, making a film 2 to A in. 
high. This latter, after it has stood for 
1.V18 hours, is cuiefully separated at 
the edge with a knife, and by employing 
a little force the cast is removed from 
the mould. This plaster cast may be 
employed for many purposes, and will 
seive for taking a casting from, with a 
metal fusible at a low temperature. 
With amateurs and photographers, such 
a proceeding is, liowevei? difficult, and 
if a metallic cast is jvijnjred Jt is best to 
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solid tho plaster ono to :i type-foundry 
or similar est.iblishm nt.. Retouching 
may be done it* necessary with a needle 
upon the planter cast. There is not so 
much difficulty in taking metallic casts 
from the plaster moulds. It. is only 
necessary to thoroughly bake the casts, 
and while still warm brush over with a 
little wax. (7wo/. Jlfrrh.) 

(11) Casts that can be Washed . — The 
prize ollered by the Prussian Minister 
of (’oiumercc and Industry for a method 
of preparing plaster easts that permit 
of being washed was conferred upon 
]>r. W. Roissig, of Darmstadt. From 
Dr. Keissig’s e>say on the subject the 
following points arc abstracted : — 

In preparing these casts it is not 
only desirable to obtain a surface which 
should not wash aw ay, but also to include 
a simple process for preventing dust 
entering the pores, and render them 
more easily cleansed. Laborious experi- 
ments showel that the only practical 
method of accomplishing this and re- 
taining the sharpness of outline was 
to convert the lime sulphate into 
(l) baryta sulphate and caustic or car- 
bonate of lime, or (2) into lime silicate 
by means of potash silicate. Objects 
treated in this way are not allected by 
hot water or hot soap solutions, hut 
from the method of preparation, they 
remain poious, catch dust, &t\, and 
when first put into water eagerly alwoi b 
all the impurities. To avoid this evil, 
subsequently co.it the articles, now ren- 
dered waterproof, with an alcoholic soap 
solution, which penetrates more easily, 
deeper, and more* freely into the pores 
than an aqueous solution. After the 
alcohol evaporates, a layer of soap re- 
mains, wliicli tills the, pores, and when 
washed it is converted into a sud which 
removes the dust without allowing it 
to penetrate. 

(a) Process with Baryta Water. — 
This is the simplest, easiest, and cheapest 
method. It depends upon the fact that 
gypsum, or lime sulphate, is converted 
by baryta water into baryta sulphate 
(which is totally insoluble), and caustic 
lime, which llSfttcr is converted by con- 
tact with the air into lime carbonate. 


| The practical method of carrying this 
out is as lb 1 lows : —A large zinc vessel 
is required with a tight-fitting cover. 
In each vessel is a grating made of strips 
of zinc, resting on feet 1J iu. high. 
This vessel is * lilled with soft water at 
to 77° F. (12° to 25° C.), and to 
every 2 3 g.il. of watef-l is added 8 lb. 
fused or Id lb. crystallised pure hy- 
drated barium oxide, also 0*6 lb. lime 
j previously slaked in water. The solu- 
tion stands about. 4° Beck (1*0241 sp. 
gr.). As soon as the baryta water gets 
clear, it is ready to receive the casts. 
They are wrapped in suitable places 
with cords, and after removing the 
scum irom the baryta bath, are clipped 
in as rapidly as possible, face lir.st, 
and then allowed to rest upon the 
grating. 

Hollow easts are fust saturated by 
rapid motions, then tilled with the solu- 
tion and suspended in the hath W'ith 
the open part upwards. After the cords 
are all secured above the surface of the 
liquid, the zinc vessel is covered. 'The 
casts are left in it for 1 to 10 or more 
days, according to the thickness of tho 
waterproof strata required. After taking 
off the cover and removing the scum, 
the plaster casts are drawn up by the 
strings, rinsed oft with lime-water, 
allowed to drain, carefully wiped with 
white cotton or linen rags, and left to 
dry, without being touched by the 
hands, in a warm place free from dust. 
The same solution whith has been used 
once can be employed again by adding 
a little more baryta and lime. 

Of course this process can only be ap- 
plied to casts free from dust, snloke, dirt, 
coloured particles of water, rosin, var- 
nish, soap, animal glue from the moulds, 
or sweat from the hands. To prevent 
the casts getting dust upon them, they 
should be wrapped in paper when taken 
from the mould, and dried by artificial 
heat below 212° F. (100° C.). If, in 
spite of every precaution, the casts when 
finished show single yellow spots, the 
latter can be removed in this manner : — 
The perfectly dry, bar^tated casts, 
saturated with carbonic acid, are painted 
ovor with water and oil of turpentine 
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then )>ut in a glass case and exposed t 
the direct rays of the sun. 

( b ) Process with Silicate of Potash j 
Solution. — This depends upon the con- | 
version of the lime sulphate into lime 
silicate, an extremely hard, durable, 
insoluble compound, and is accomplished 
bv the use of a dilute solution of potash 
silicate containin'; free potash. To pre- 
pare thi L solution, first, make a 10 per j 
cent, solution of caustic potash in water, j 
heat to boiling in a suitable vosmd, and 
then add pure silicic acid (free from, 
iron) as long as it continues to disM»l\c. 
On standing, the cold solution usually 
throw's down some highly - silicated 
potash and alumina. It is left in well- 
stoppered glass w.sMds to settle, dust 
before using, it is well to throw' in a 
few hits of pure potash, or to add 1 or ‘J 
per cent, of the potash solution. If the j 
planter articles are \ er\ bulky, this solu- 
tion can be diluted to J with pure water. 

The casts arc silicated by dipping 
thfni (cold) for a few minutes into the 
solution, or applying the solution by 
means of a well-cleaned sponge, or 
throwing it upon them as a line spiny. 
When the chemical reaction, which 
takes place almost instantly, is finished, 
the excess of the solution is be^t ie- 
moxed with some warm soap-water or a 
warm solution of stearinc soap, and this 
finally removed with still wanner pure 
water. 

The easts, which can he immerse 1 or 
easily moved around, may be tie.itcl as 
above when warm; a xery short tune 
is required, *but some experience is 
necessary. In every case it is easy to 
tell xvhen the change is elici ted, from 
the smooth dense appearaucc, and bv 
their feeling when scratched with t lie 
finger-nail. It is not advisable to lea\e 
them too long in the potash solution, 
as it may injure them. A little prac- 
tice renders it easy to hit the right 
point. The fresher and purer the gyp- 
sum and thek more porous the cast, the 
more necessary it is to work fast. 
Castings made with old and poor plas- 
ter of l*arto are useless for si li eating. 
These silicated casts are treat© l. with 
•soap as above. 


In washing plaster easts prepared by 
either method, 1t?e a clean soft sponge, 
carefully freed from all adherent sand 
and limestone, wet with lukewarm 
wafer, anil well soaped. They ate after- 
waids washed with clean water. They 
(annot, of course, be washed until 
thoroughly dry and saturated with car- 
bonic acid. The addition of some oil 
of turpentine to the soap is useful, as 
it bleaches the casts on standing. The 
use of hot. soapsuds must be avoided. 

(ir>) Hardening. — Follow mg i* a new 
process of hardening plaster so as to 
adapt it to the construct oai of flooring 
m pine of wood, and to other purposes 
for which it cannot be used in its ordi- 
nary state on account of its want of 
hardness and resistance to crushing. 
Jul to recommends the intimate mixture 
of ti parts plaster of good quality with 
1 pari find) sifted, recently slaked 
white lime. This mixture is employed 
like ordinary plaster. After it has be- 
come thoroughly drv, the object manu- 
factured fiom it is saturated with a 
solution of any sulphate whose base is 
precipitated in an insoluble form by 
lime. The sulphates best adapted for 
the purpose, from every point of view', 
arc those of iron and zinc. 

With zinc sulphate, the object re- 
mains white, as might be supposed. 
With iron sulphate, the object, at first 
greenish, finally assumes, through 
desiccation, the charm t eristic tint of 
iron M ,s quio\i(le. The hardest surfaces 
arc obtained with iron, and the resist- 
ance to breakage is ‘Jo times greater 
than that, of ordinary pi ister. In order 
to obtain a n^axiinum of hardness and 
tenacity', it is necessary to temper the 
limed plaster W'eil in as brief a space of 
time as possible, and with no more water 
than is strictly necessary. The object 
to be hardened should he very dry, so 
that the solution employed may pene- 
trate it easily, Tlfe solution should he 
near the point of saturation, and the 
first immersion should not exceed 2 
hours. If immersed too long, the plas- 
ter w'ould become friable. 

The proportions of lime and plaster 
may he varied according to the results 



332 


MODELLING AND PLASTER CASTING. 


to be obtained ; nevertheless, the pro- 
port ions of 1 to (i ha\V given the best 
results. 

As it is important that the plaster 
sliouhl not be spread over the surface 
by passing and repassing the trowel for 
too long a time, the fastest workman 
will always be the host, one to employ* 
When sulphate of iron is used, tilts slabs 
are of the colour of iron rust; but if 
linseed oil boiled with litharge be passed 
over the surface, they assume a beauti- 
ful mahogany colour, and offer a certain 
superficial elasticity to the tread. If a 
coat of hard copal varnish be added, the 
colour becomes very beautiful. 

On spreading a U or ^*iu. layer of 
limed plaster in a room, and treating it. 
in the way above described, is produced 
a floor which is smooth, and which, in 
most cases, fulfils the otliee of an oak 
floor, but which has the advantage over 
the latter of costing one fourth.- - 
(Nc/ewt Ani'T.) 

(lit) Reducing and Enlarging Piaster 
Oasts. — Ordinary casts taken in plaster 
vary somewhat, owing to the shrinkage 
of the plaster; but it has hitherto not 
been possible to regulate this so as to 
produce any desired change, and yet 
preserve the proportion*.. Huger has, 
however, recently devised an ingenious 
method tor making copies in any ma- 
terial, either reduced or enlarged, with- 
out distortion. 

The original is lir-d. surrounded with 
a case or frame «»f sheet metal or other 
suitable material, and a negative cast is 
taken with some elastic material, if 
there are undercuts ; the. inventor uses 
agar-agar. The usual negative or 
mould having been obtained as usual, 
lie piepares a gelatine mass, i trembling 
tin* liektograpli mass, by soaking the 
gelatine first., then melting it and add- 
ing enough of any inorganic powdered 
substance to give it, some stability. This 
is poured into the livuil 1, which is pre- 
viously moistened with glycerine to 
prevent adhesion. When cold, the 
gelatine cast is taken from the mould 
and is, of course, the same size as the 
original. Jf tfte copy is to b'c reduced, 
this gelatine cast is put in strong alco« 


hoi and left entirely covered with it. 
It then begins to shrink and contract 
with the greatest uniformity. When 
the desired reduction has taken place 
the cast is removed from its bath. F rom 
this reduced copy a cast is taken as 
usual. As there is a limit to the 
shrinkage, of the gelatiue cast, when a 
considerable reduction is desired, the 
operation is repeated by making a plas- 
ter mould from the reduced copy, and 
from this a second gelatine cast is taken 
and likewise immersed in alcohol and 
shrunk. It is claimed that even when 
repeated there is no sacrifice of the 
sharpness of the original. 

When the copy is to be enlarged in- 
stead of reduced, the gelatiue cast is 
put in a cold water bath, instead of 
alcohol. After it has swollen as much 
as it will, the plaster mould is made as 
before. For enlarging, the mould could 
also be made of some slightly soluble 
mass, and then by filling it with water 
the cavity would grow larger, hutt.it 
would not give so sharp a copy. 

Stereotyping O. 217 - 28 ). 

While the previous article on this 
subject conveyed an account, of the 
processes of stereotyping as generally 
carried on, so much original research 
and applied science is contained in 
1’rof. Bolus's series of Cantor Lectures 
on the sub ject, at the Society of Arts in 
1K90, as to warrant a supplementary 
notice embodying his remarks. 

An early method, whiefl’ is worth re- 
production on account of its simplicity, 
was known as “polytype.” According 
to this, the page type, or the original to 
lie copied, is slightly oiled, ami fixed 
face downwards on a block of wood, 
supported, at some little distance, over 
a paper or cardboard tray, into which 
melted tvpe-metal has been poured, 
dust, as the type-metal begins to show 
distinct signs of solidification, the block 
carrying the page of type is allowed to 
fall on the soft metal; and on ssepara- 
ting the two, a reverse or mould is ob- 
tained. This reverse or mould, being 
now fi.\ed upon the lower fact 1 of tho» 



STEREOTYPING. 


333 


drop-block, is allowed in its turn to 
fall on the surface of type-metal con- 
tained in a paper tray, this metal being 
at the point of solidification as before. 
The paper tray is of course crushed in 
eneli case, and to regulate the thickness 
of the M strike/* metal gauges are iixed 
alongside the piper tray, and in such 
position that the frame or chase con- 
taining the original, when down, shall 
rest upon thei 

It is easy to copy this method by the 
aid of an ordinary stamping press pro- 
vided with a quick screw. Fig. 2ii(> con- 
veys a good idea of a simple form of 


tion than that of striking the matrix 
into semi-fluid type-metal. 

At another period Fnmin I)idot 
adopted the plan of forcing the forme of 
type by dead pressure against a sheet of 
soft lead, and the matrix or reverse thus 
obtained serxed for obtaining printing 
plates by the method of striking into 
semi-fluid txpe-metal juvt. described. Jt 
is easy to htaili a reverse m soft sheet- 
lead by do d pressure; and if the lead 
matrix is placed in the ordinary stereo- 
type casting-box, casts may be obtained 
trom it in ordinary Upe or stereotype 
J metal * ese alloys melting at a lower 
temperature than the lead. In 
a similar wav a lead matrix 
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may he made by driving an 
ordinary type punch - ways 
into a piece of lead, and the 
lead matrix being adjusted to 
an ordinary hand-mould of 
the right body size, it is easy 
to cast a number of types in 
it, which are about as good as 
the original; this being often 
a very convenient process to 
follow xx hen a few extra types 
are wanted in a hurry. 

In the usual casting opera- 
tions it is generally necessary 
that the mould in which the 
casting is made should he of 
less fusibility than the ma- 
terial cast, although there are 
rare cases in which this does 


Apparatus originally used, and which 
xvas constructed of hard wood. The 
arrangement of parts is sufficiently ob- 
vious xxgthout further explanation, ex- 
cepting that it may he mentioned that 
the rod carrying the catch which re- 
leases the block should stretch from one 
standard to the other, the catch being 
taken out of the staple in the drop-block 
by putting the wire in torsion. This 
process is still in occasional use for the 
rapid reproduction of small typographic 
* ornaments or blocks, but in such cases 
the matrix is generally a thick electro- 
type cast made from the original block. 
For initial* letters or ornaments about 
in. square, there is probably no 
uicker or better method of reproduc- 


ing hold good ; but in the case of the 
striking method just described, we 
have a method by which an impres- 
sion may be obtained in a much more 
refractory material than the original 
matrix. For example, an impression m 
sealing wax taken from type may be 
quickly driven down cm the surface of 
type-metal just on the point of com- 
mencing to solidify, and will yield n 
perfect cast in the alloy, t\g., by means 
of the quick screfy -press before used. 
Similarly, a die in high steel may be 
made from a silver or copper coin, if 
the steel is heated to bright white- 
ness, and tjie coin, attndied to a drop- 
hammer, is alloxved to fail upon it. The 
main points to ensure success appear to 
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be forming of the step], block as n blunt 
cone, so tli.it the middle shall I irstcome 
in contact with the original, and the 
protection of the hot steel from the 
action of the air till the last instant. 
Dies made by this process are some- 
times so perfect as to recall the smooth- 
ness and perfection of an electrotype ; 
and it is no uncommon thing for mints 
to semi coins in order to obtain fresh 
dies for the replacing of injured ones. 
The method of moulding by striking 
into soft metal is of great \alue, and 
those interested in methods of typo- 
graphic reproduction should bear in 
mind the possibilities of this method. 
If, for example, numerous small stereo- 
types in hardened steel were required, 
they could readily be obtained l»v the 
“striking” method, a steel die (itself, 
let us suppose, “struck ” from an electro- 
type”) being used. 

Very much of interest, ami import- 
ance arose out of experiments carried 
on in the oilice of Firinin Didot, in 
Paris, about the end of the last, century 
and the beginning of thit. In the tirst 
place, the introduction of a hard type- 
metal containing copper, this being due 
to Herhan, at the time a workman in 
the employment of Dnlot, and the hard 
metal was introduced to enable the type 
to stand the strain of moulding by dead 
pressure against lead plates. One of 
Herb mi's alloys contained: — Load, ‘25 
parts; antimony, 15; copper, G. 

Another notable outcome of the work 
in I)idut\s oilice was the production of a 
matrix by punching the letters into it 
successively, a device of (Juillot, another 
workman in the sorv :, *e of Didot. 
Ciuillot called his process “ graph it vpe,” 
ami he drove the steel type-punches 
successively into a copper plate, this 
plate being then used as a matrix for 
casting a stereotype. On Hint's method 
may be regarded not only as the parent 
of the various “typo-writer” methods 
of making matrix sheets or strips, but 
also of Herhan's next introduction — 
the use of matrix types. 

It is easy enough to illustrate the 
principle of Guillot’s “ graph i type ” by 
driving punches into the face of *a 


copper plate, using a guide rule to 
keep the line, and then casting from the 
plate in the usual casting-box. In this 
form, however, it is hardly a practic- 
able method, hut its modern develop- 
ments, in which a kind of type-writer 
is used to make a matrix out of wood 
(the end of the grain/ or soft paper, 
may perhaps come into general use. 

Herhan, whose hard metal has just 
been referred to, developed the idea of 
his fellow workman, and made it more 
practicable by setting up the page with 
matrix t\pes instead of driving the 
punches into a plate of copper, this 
arrangement allowing corrections tube 
made, and also ensuring that the whole 
of the printing surface shall he in one 
plane. Herhan’s types were of brass 
or copper, and generally similar to the 
ordinary types, but in place of the pro- 
jecting or male letter of our ordinary 
type, was a female or matrix letter, 
just the reverse of the face of the usual 
type. Such letters are set just as ordi- 
nary types, excepting that they are 
arranged in the stick and chase uon- 
reversed, and a proof can be taken on 
the press ; preferably, however, on thin 
paper, such as Is used for copying 
letters, as the impression must be read 
through the paper if it is to be read 
non-re versed. Another way of taking 
a proof is to lay a sheet of plain paper 
on the “forme,” and over this a sheet 
of black manifold paper, the coating of 
which sets off on the plain paper when 
the pressuie is applied. The “ forme ” 
being locked up, and any large whites 
overlaid with special qua<V*«ts (or 
high quadrats may be used in the first 
instance), it is shut up in a casting-box, 
and the stereotype is made directly 
from it. J)idot issued several books 
printed from stereotypes made by this 
method. 

The “linotype” system of Mergen- 
Ihaler, in which a very cleverly de- 
signed machine brings a number of 
matrices into a row, so that a line is 
cast, may be regarded as in some sense 
a development of the idea rff Herhan. 

Considering that, in the caste of 
newspaper work, punting is ulwayf 
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done from stereotypes, it seems to me 
that it would he a more reasonable and 
direct proceeding to set the matrices, 
and cast the required plate directly 
into the matrix forme, rather than to 
delay matters by the intermediate pro- 
cess of inouldmg. Although I Tertian 
devised excellent methods of striking 
his matrix type quickly, and in true 
register, irnm the original-punches, an 
engineer of the pro.*.ent. day could do 
better: he could design a machine 
which would turn out brass or copper 
matrix types about as quickly as wire 
nails are cut otl' and headed, and the 
cost per lb. of the matrix type possibly 
might not exceed that of oidinary 
types. Again, it is quite easy to make 
the matrix types ladial, so that they 
can be “made up” in curved boxes, 
and plates for mtaiy machines cast as 
soon as the last lines are set nr the final 
corrections made, I cannot, help think- 
ing that the time is not far distant w hen 
Ihvhan’s matrix types will largely re- 
place those used now, and it need 
.scarcely he said that the ordinary type- 
setting and distributing machines would 
be as available with these as with the 
sort of ty pe now in use. It certainly 
seems absurd to set a “ forme,” ami 
mould a matrix from it when it is just 
as easy to set up the matrix, and to 
cast, directly into it. 

The plaster process of stereoty ping 
was now established, and soon came 
into very general use for certain classes 
of work, and, the next great step was 
the paper process, in which softened 
paper is^forced down upon the original 
type “ forme,” and in the mould thus 
obtained one cast or more can be made. 
This has become essentially the stereo- 
typing method, and has ousted all other 
processes, except for special work. 
Among other things, it has rendered 
possible the modern newspaper ; and 
the facility which it affords for rapidly 
producing any required number of 
curved plates, suited for rotary ma- 
chines, lias revolutionised printing ns 
far as rapitl production is concerned. 
Moreover, the process is so simple and 
So easy that any person may, for a cost 


of a few shilling^, produce small stereo- 
type plates equal in sharpness and 
general excellence with those made in 
tlie most perfectly fitted establishment. 

The essential principles of the paper- 
mould method are as follows: — On a 
pad of soft paper, built up of about 20 
thicknesses of soft blotting-paper, 
stapled together at the edges, a hard 
impression from a page of type k taken. 
It is now placed between two slabs of 
dry wood, which slabs are separated to 
a distance of something under J in. bv 
strips of the same material, and melted 
tvpe-mct.il is poured in at the top. On 
separating the slabs of wood you h.iie 
a fairly good cast of the oiigiunl type, 
and the whole process of producing it 
lias taken less than a minute. in 
practice, however, dry paper is not used 
! lor making the mould, hut a number of 
Jslieits are pasted together, and this 
combination is used damp. 

The soft pasteboard ready made is 
known to the workman as “flung,” a 
corruption of .//on, a thin farinaceous 
cake sohl in Paris, 'fins is laid on a 
warm and slightly oiled page of type, 
and the hack is beaten with a KtitHirush 
until the soft, pasteboard has taken a 
perfect impression of the face of the 
type. On the back noiv lay a piece of 
blanket, pinch the whole in a screw 
press, the press having been previously 
warmed. The drying of the mould 
may, under such circumstances, take 
from a few minutes to £ an hour, 
according to the temperature and the 
fiequency with which the blanket and 
other packing is changed. Being 
clamped between slabs of warm iron, 
metal is poured in, and a cast is obtained, 
little if at all inferior to the original 
type in sharpness. Here you have the 
essential features of the paper-mould 
process, the most important of all 
stereotyping processes. 

Working Details %f the Vapor- Mould 
Process . — This method well merits close 
study, especially as at present workmen 
often so far follow the traditions of 
their craft to lose sigh^of such points 
of special advantage as might easily 
be grasped if tradition were allowed to 
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give way more freely to thought and 
experiment. 

The page of type, or “ forme,” which 
is to he moulded, instead of being 
locked up in the chase surrounded with 
the ordinary wooden furniture, has a 
type-high border about J in. wide around 
it ; but the face of this type - high 
border does not come quite close up to 
the type, there being a space of J in. 
between them. ThU tvpe-high border 
is ordinarily obtained by surrounding 
the forme with strips of type-metal 
called “clumps/* or “stereo -dumps,” 
these clumps being type high, and 
about § in. wide ; but a bevel on the 
edge placed next to the type reduces t lie 
face-width to about J in., and gives the 
clear space of about J in. or so between 
the face of the clump and the type. 
The object of the clumps is to form a 
level bed for the strips of metal — com- 
monly called “gauges ” — which deter- 
mine the thickness of the plate. The 
space between the type and the face of 
the clump leaves room for the saw-cut 
if the plate is to be trimmed close, or 
for the bevel if the plate is to be 
trimmed for mounting with catches on 
a metal block. 

Now the forme should be planed 
level, not too tightly locked up, and its 
face must be slightly but completely 
oiled, this being done by rubbing it with 
a flat brush, not too heavily charged 
with oil, the brush being about as stiff 
as an ordinary hat brush. The traditions 
of the trade ordain that the oil should 
be the finest olive oil; but as a matter 
of fact, neither olive oil nor cotton-seed 
oil, which is now commonly sold as 
olive oil, is the most suitable, as these 
oils — and more especially the latter — 
are saponified very readily by any trace 
of alkali which may remain on the 
forme. A much more suitable oil is the 
very thin mineral lubricating oil which 
is sold retail at ls.'Ocf. a gal. Here is a 
case in which an article sold at the 
lowest price is the best, and in connection 
with stereotyping — as indeed with most 
industries — tfere are manj^such cases ; 
so much so that one must look with 
suspicion ou the common but vague 


instruction to “use only the Vefy best 
materials.” The practical interpretation 
of this is to use just those snmplcs for 
which the shopkeeper chooses to charge 
the highest prices ; and when such an 
instruction is given as generally applying 
to all materials used iij.a craft, one may, ’ 
perhaps, reasonably suppose that it is 
given because the instructor’s knowledge 
of the materials is too uncertain for him 
to specify what qualities are desirable. 
Generally speaking, the forme is slightly 
warm when oiled; if it is cold and 
damp the oiling is almost certain to be • 
unsatisfactory, and the mould may 
adhere to the type. 

We now come to a very important 
matter : the Hong and the materials u^cd 
| in it* preparation. First., let us take the 
paste used to cement the various layers 
of paper together, and as to this matter 
one finds in the usual instructions merely 
a confusing crowd of recipes without the 
smallest indication as to choice between 
them, and some of these recipes order 
the use of materials the special service 
of which it is very difficult to conjecture. 

As an adhesive, ordinary gum (arabic 
or acacia gum); is undesirable; it pene- 
trates the substance of the paper, tends 
to make it unmanageably hard and 
brittle when dry, and, weight for 
weight, it gives less adhesion between 
sheet and sheet than is the case with 
starch or flour paste. Gum is specially 
bad in relation to the fine tissue which 
forms the face of the flong, as in 
penetrating this it not .only tends to » 
adhesion with the type, but where the 
gum has penetrated the face ?f the cast 
obtained will have a rougher texture 
than elsewhere. In addition, gum is 
expensive, and, what is perhaps worse, 
very variable in quality. 

Starch paste is a very good adhesive, 
as its water principally penetrates the 
sheets, leaving the starch where most 
wanted, and that sponginess, which is a 
characteristic of good and useful llong, 
is retained. 

Good as simple starch paste is, a 
paste made from a moderately glutinous 
flour, such as wheat flour, is better, 
as the gluten gives the starch greats 
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consistency and adhesiveness w itlumt 
other disadvantages. Moreover, wheat 
Hour paste is easier to prepare and to 
manipulate than starch paste, and, if 
measured >> v adhesive power, is \civ 
mueh cheaper. He-ndes, it pcnct 1 ale* 
’the paper even than st.uch paste. 
Altogether the advantage rests with 
wheat Hour paste as the main ad- 
hesive. 

. <«lue (the term inc ludes gelatines and 
sizes) by itself is not a very suitable 
or desirable adhesive to use, as it is 
Subject to t lie same disadvantage as 
p, ii lit ar.ibiu as log.irds penetration of 
1 he paper, > et in a lesser degree; but 
when used in conjunction with sulhtient 
flour paste. the penetrating qualitv is 
* eliminated, and owing 1«» the setting of 
I lie glue the /long at ([lilies mci eased 
sponginess, and also the valuable quality 
of being more rapidly compressed by the 
face of the type when the metal is warm, 
as the; glue melts and consolidates the 
conq^-essed parts. In addition, by the 
use of glue along with Hour paste, the 
floug becomes capable of luddiug rather 
more water without becoming flabby, 
and where the Hong is not compressed, 
it dries more spongy than would other- 
wise bo the case. There is advantage in 
using glue with the paste, whether the 
tape is to he moulded cold or warm, 
hut very especial advantage in the 
latter case. The sort of glue most 
suitable is the soft and degenerate glue 
sold retail in the oikshops at Ad. per lb., 
fcigh-pneed hard* glues and fine gelatines 
being very much less suitable. Instead 
ol using gfcio, it saves time to purchase 
size, hut care shun] l ho taken to use the 
low-priced size sold ns common si/e 
(14 lb. for Is. in London oilshops), and 
not the harder and finer size known 
as “ patent size.” 

We may then dismissal] adhesives hut 
flour paste, and glue; the former can 
be used by itself, but glue by itself is 
not. very satisfactory. Together they 
give the best result, for reasons already 
stated. ’ 

It is desiralfle to mix some mineral 
matter with the paste, and for this use 
' ve among other additions, the 


following recommend'd : — Whiting 
litharge, white lead, kaolin, other clays, 
Paris white, zinc white, barytes white. 

The use of the mineral matter is> two- 
fold. It make* the compressed paits of 
the mould more hard and stony than 
1 1 i**y would otherwise be, and less 
subject to blister or scale during 
tli \ mg or tasting, and it makes the 
uncompressed parts of the Hong more. 
s l*mgy and nnifenn in texture. At the 
same time it makes the whole mould 
more resistant to heat. 

Of the above, tin* only very definitely 
objectionable substances ate litharge 
and white lead, a-, owing to tlie 
moisture and beat, the lead poison is 
specially liable to be ubsoi bed iulo the 
svstem of the woiktnon; and of the 
rest, whiting seems tin* best, its softness 
of text ure, fineness, and tin* case with 
which it is compiessed, enabling it. well 
to fulfil the double function as stated 
above. At any late, not one of the 
above is superior to whiting; whiting, 
moreover, is cheap, and easy to get. 

We now come to tin preparation of 
the paste. Into an iron pan put G lb. 
whiting and 20 lb. (2 gal.) water. It 
the whiting is allowed to remain in the 
water for 1 2 hours it will he found 
th.it. the lumps have completely broken 
down, and the mixing will he easy. Jf, 
oil the other hand, von try to mix 
whiting which has only just been put 
in the water, it works into clots and 
becomes unmanageable. The bauds 
form the most, convenient tools for 
mixing the whiting and water, as also 
for working in the next, addition, 4J lb. 
wheat Hour, • 

This being thoroughly incorporated, 
the pail is set for the mixture to boil, it 
being constantly stirred with a wooden 
stirrer, having a T-shaped head which 
can bo kept in motion close to the 
bottom of the pan, ami so eliminate all 
chance of burning. As soon as the 
mixture boils add 14 lb. soft si/e, or 
:U- lb. common glue, 10] lb (l gal. and 
nearly J pint) water. The glue to be 
soaked in the water till quite soft. 

In order to give the paste such quali- 
| ties’ as shall ensure the mass keeping 
* • . Z 
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good for years, 4 oz. crystallised phe- 
nol (carbolic acid) arc now stirred in, 
and all that remains to he done is to 
work tlie mixture through a sieve bavin*; 
about 20 meshes to the linear inch, or 
it may be strained through a piece of 
net. 

Three sorts of paper are used in 
makmg the thing. First, a line hard 
tissue paper for the fare; secondly, 
blotting paper to form the porous body ; 
thirdly, stout and tough brown paper 
for the back, to give strength and to 
(support the blows of the heating brush. 
It is of very great importance that the 
tissue paper which forms the face of the 
thing should he strong and fiu rt in fibre, 
uniform in texture, and free from holes, 
all qualities which add to the expense 
of a paper, and any expenditure which 
secures the above is well bestowed, 
economy on this score being bad policy. 
A tissue which becomes pappy and soft 
when in contact with the paste, or which 
allows its exudation through holes, may 
cause adhesion between the forme and 
the mould, with the attendant delays 
and disadvantages. The ti^ue papers 
sold for pottery transfers are generally 
very suitable for stereotyping, ami some 
makers supply a special kind. The sort 
sold at Lloyd’s paper office in Crown- 
court, at lit/, per lb. is made to a special 
size, 24 by 50 in., so as to be suitable 
for newspaper work. 

As regards the blotting paper, the 
cheaper sorts answer as well as the more 
expensive, and I do not think the lowest 
priced papers contain irregularities or 
lumps so pronounced as to be disadvan- 
tageous. Suitable deinj paper, weighing 
23 lb. to the ream, costs 10s. fat. per 
ream. 

The brow’ll paper for the hack of the 
flong should be made of tough, strong 
fibre, free from knots and lumps ; 
moreover it should he soft, and not 
heavily rolled. Such a paper is expen- 
sive, costing about 4 <L per ll». ; but, as 
in the case of tissue, it is poor economy 
to use a backing paper of unsuitable 
character. * 1 

To prepare some Hong, the materials 
will be : — 


Approximate 
x\ eight, Rr. 

Brown paper (1 sq. ft.) .. 200 

Blotting paper, 3 thicknesses 

(3 sq. ft.) 355 

Tissue paper (1 sq. ft.) .. 25 



The brown paper is laid flat and 
pasted uniformly by means of a rather 
soft, llat brush, the paste being, by 
preference, slightly warm, on account* 
of the glue it contains, although, with 
t lie above-mentioned proportions it i* 
posable (though undesirable) to work it 
cold. A sheet of blotting is now laid 
on, and the pasting is repeated over 
each layer of paper, hut in the case of 
the last pasting, which holds down the • 
tissue paper, only a small quantity 
should be applied, and that as uniformly 
as practicable. A convenient way of 
laying down the tissue paper is to roll 
it on a wooden cylinder, and then to roll 
it oil* this on to the pasted surface f and 
all through the operation great care 
should he taken that no paste comes in 
contact with the outside face of the 
tissue ; generally speaking, the wooden 
roller requires wiping after each use. 
('lose contact of the several constituent, 
sheets of the flong is best ensured by lay- 
ing a clean paper over it after each addi- 
tion, and rubbing it down with the hand, 
or with a cloth folded so as to form a pad. 
hard rolling should be avoided, as it 
tends to lessen that sponginess which is 
so desirable a quality. „ If the paste ha* 
been applied in about the right quantity, 
the sq. ft. of flong, the pappr of which 
weighed about 580 gr., will, when wet 
and fresh, weigh about 1400 gr., about 
820 gr. of this being paste; in this 
state it is too wet and too soft for 
convenient use, but if exposed to the air 
until something like 300 gr. of water 
have evaporated — that is to say, until 
the sq, ft. weighs about 1100 gr. — ft s 
consistency will be right for working. 
These weights are given principally in 
order that persons working from direc- 
tions may be able to prepare a sample 
which shall have a convenient con- 
sistency, after which the rcmembnAoo 
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of this sample should he a sufficient 
guide. 

It is desirable to prepare the flong j 
in the first instance with excess of 
moisture, and to allow this to evaporate 
spontaneously, as during this process of ! 
•evaporation the paper swells and takes > 
a plasticity anu* sponginess which is | 
diflicult to obtain in any other way. j 
Moreover, the manipulation of making ' 
tlu* Hong is easier anti more satisfactory ' 
’ when a soft paste, containing a full pro- I 
portion of water, is used. If, however, ; 
•one has occasion to prepare a piece of j 
flong for immediate use, the best w n\ is 
to employ as little paste as practicable. 
Quite apart from the question of the 
amount of moisture present, it is 
undesirable to make use of freshly- 
prepared flong, as it is never so 
homogeneous as that which has been 
kept for some days. It may he stored 
in a varnished tin tray of the right si/e, 
a stout plate of zinc being laid on the 
top.* Generally speaking, it is best, to 
lay the sheets of flong face to line, a*- 
the backs arc likely to Iking been soiled 
with paste, and paste should he kept 
from the fa* e. Flong prepared with the 
above-mentioned paste will keep any 
length of time without decomposition 
or mildewing, but it may become par- 
tially or completely dry. This may be 
remedied by one or more dippings in 
water, with a full allowance of time for 
its absorption. When flong has mm- 
pletely dried, it is rather a trouble to 
•get it once morg into good working con- 
dition, the best way being to dip it in 
cold water, pile it in the storing tray, 
and keep this latter in a warm place, 
repeating the operations, if necessary. 
Dry flong is an article of commerce, 
but it is more trouble to get it into good 
working condition than it is to start 
with the plain sheets of paper. It is 
often recommended to use two thick- 
nesses of tissue paper on the face of the 
llong, and to.iuterpose tissue between 
the several sheets of blotting paper, but 
these courses are open to objection, and, 
as far as my» experiments go, have no 
balancing advantage. Two thicknesses 
o# tissue on the face, with paste between, 


oiler no gi eater scruiily agmnst paste 
reaching tin* type than does one thick- 
ness of tissue, and, moreover, for ea^e 
and rapidity of application, it, is 
desirable to make the paste as fluid as 
piaclieahle, and also to so work as not 
to imo|\e the extra care and labour 
toiiMimed in npphing \ery 111111 lawis 
of prude, and it is ol>\ mus that, the 
larger the pioportion of thin paper 
enteiing into the composition of the 
flong, so mikh thinner mint he the 
layer.- of paste in older to obtain flong 
containing tin* same proportions of pasta 
, and papt r. Jt take- much longer to 
i spread a very thin la\er than a 
model*, it< K thick layer of paste. 

Ease and quickness m forking are 
generally on Hie side of moulding small 
forms rtllnr than Inigo. so Unit, when 
\\oik is sent in assemblages of many 
pages, it, is often de -arable to re-impo.se, 
so as to luing down t lie dimensions to 
demy folio, or there, i1h.u 1 ; hut when 
| large pages of « lose matter, smh as 
I newspaper page*, are tomerned, the 
; sterility per has no option but to mould 
( the formes a- ren i\ed. When sexeval 
, page. sale imposed toget her for moulding, 
j it, is siillicunt to allow a pica ( r f in.) 
; between them, unless the edges are to 
■ he bevelled, in which case quite twice as 
I much space will he i equired to allow for 
j the saw cut, and two bexels. The typo- 
high dumps, a> he fore staled, surround 
the whole. 

Sometimes the stereotype!* will have 
to clean the lbrnie himself, from the 
carelessness of the printer who semis it 
to him, and in this iase it should be 
scrubbed over juth a solution of the 
cheapest quality of cauM ie soda in water 
(1 part soda to about ti water), well 
rinsed and dried. 

The forme, clean, dry, oiled and 
warm, is laid oil a planed slab of iron, 
or “ heating surface,” heated from under- 
neath, the heating befcig by gas or steam. 
The heating surface may he, and often 
is, an extension of the bed of the drying 
press (Eig. *2i)7). The hand is now lightly 
passed over tjie face to de^‘et any letter 
which may stand high, and t lie “ planer ’* 
is .brought into use if necessary. Allis 
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now ready lor flic moulding. Take a 
piece of flu* Hong, dust its surface over 
with powdered French chalk, taking 
care to wipe otl* all excess, then lay it 
face downwards mi the form**, and now 
comes the operation of heating. 



The brush u -c l for heating may vary 
in shape or weight, according to the 
hahit of the workman, hut the bristles 
must la* good and closely pn< Red, and 
the operation of heating is so similar to 
that of di i ving in a nail, that any per- 
son who is able to strike his nail exery 
time in such a way that it shall he sent 
forwards and without any tendency 
sideways, will probably make a satis- 
factory mould (lie first time; while one 
in whose hand the hammer sxvaxs round 
lined taiti'y and unrontroliedly, hitting 
the nail at all .sorts of ynglus, and per- 
haps ex e n henduig it, xvill not he very 
successful in nuking a paper mould 
from the type. In such a ease, it is 
perhaps better to educate the mind to 
the conditions necessaiv for successful 
hammering, by watchfully and pains- 
takingly learning Vo drive drapers* pins 
up t( » H” 5 head in deal, than to waste 
thing and spoil type. 

The face of the brush must fall flat 
mi the hack pf the floiig, vpry little side- 
driving being suflicimt to shift the 
Hong, and spoil the sharpness of the 


mould ; and a good plan is to first beat 
a line right across the page, and then to 
extend this first towards one end of the 
page and then towards the other. A 
damp cloth i> sometimes laid over the 
Hong in heating, but if the brown paper 
is tough and nervy the cloth is not 
needed, and muc h tind is saved by not 
Using it — far more than is equivalent 
to the difterenee in price between good 
and bad paper. Moreover, xvhen the 
cloth is used, it becomes difficult, to 
give such local treatment as is necessary 
on parts where words or rules stand . 
almost by themselves, or where there 
may he a mass of small type closely set, 
to say nothing of the special treatment 
required when* engravings are included 
in the forme. As a rough guide to tlm 
extent to xvhich the beating is to be 
continued, it may be stated that with 
Hong of the right degree of softness, the 
divisions between the words set in long 
primer or brevier should slioxv distinctly 
on the back of the Hong. If the Hong 
is very soft, the heating must not he 
continued until these divisions are so 
distinct as xvith normal Hong, and if 
tin* Hong is very hard one xvill only ob- 
tain sufficient relief by making the 
dixisioiis show very clearly. 

The progress of the beating may 
always be seen by steadying the mould 
with one hand and turning back one 
corner, and the Hong should always be 
so soft that this can be done without 
straining or stretching the part turned 
over. Where there are extensive whites,, 
in the forme, the mould xvill be arched 
downwards, and some supports needed 
in such places, or the arched parts 
xvould crush down by the weight of 
metal in the casting-box, and much 
metal xvould have to he cut axvay from 
the plate. The usual way is to panic 
the back of the Hong, and to lay in the 
deep parts a few pieces of paste-hoard 
or of old mould, after which a second 
sheet, of brown paper is pasted and laid 
over ail. A very gentle beating is noxv 
given to the mould, care being taken 
not to heat this last paper doxvn into 
the hollow's, as the main use of this 
sheet is to string or tie the domes and 
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hollows formed in the main part of the on the typo, the.hrusli being used for 
thing. finishing; and sometimes tin* hnish is 

Another wav* — more employed in mod iir-d, and I he ni.n-li me is employed 
newspaper offices --is to fill in tin 1 to shaipeu up the jui pre-siou, to do 
hollow** with whiting, or dry plaster of what, the planer does in the pruees* of 
Paris; the pasted sheet of hrown paper making a mould hy hand, 
being laid over as before. A sufficient drying of the mould may 

The impression is now sharpened up he ellected in as shoit a time as ,V4 
bv planing. The printer’s planer — minutes, in w'hi< h case the heat is urged 
which is a slab of hard wood — is placed almost, to the softening point, of the 
on the mould and struck M-\eral times t\p**, or the heat may Ik 
with a mallet. This should be repeated I so that the drying takes as miuli as A 
several times, moving the planer be- | hour. It mav, howe\er. be taken that in 
tween-times, and eaie must be taken the ta?e of ordinary eommerei.il stereo- 
not to shift or strain the. mould side- typing some water is inxan.ildy left 
wavs. Two or three thiiknesses of m the mould; main hour-* linking ala 
blanket, or still better, « nough blotting j temperature of lit *0° (_\ being nece.ss.iry 
paper to make up about 4 in. thick, for the renunal of the last traces of 
being placed over the mould, the forme moisture. So that, when the hc-d. 
and mould arc pinched up in the dry ing possible results are requited, it is de- 
press ( Kig. ‘JOT). sirable to considerably extend the time 

A few words more about, the beating allowed for drying, 

brush. If the face is not lewd, or In irdmary cases the work not 

should become unlevel bv use, it may being subject to the extreme need of 
be burned flat, by contact with a plate haste which exists in the rase of nows- 
of iron heated to a dull redness, and by jiaper stereot yjiiug — the form** will re- 
tlift same means the edge and conieis main m the drying press for lo j. r » 
farthest from the handle may be very minutes, during whu h tune the blanket 
slightly sloped off, thus making it more (or coveimg <d‘ blotting pa] *i, as th« 
easy' to give local treatment, to anv ■ may* be) max have b* (hanged ‘J 
special |»art of the mould. Workmen or .‘1 times ; or if this is not done, tin 
wbo-’have skill and conlidence in the press should be undone, and t he co\ ei lug 
use of the brush mavstiike tolerably turned oxn to "ow the nunc ready 
hard, and they often find it a cou\ euieiu •* _ * of moisture. All this lino tin 

to load the brush by fastening a plate bed of the press may he com cnuutly 
of lead to the back. Some of the Con- heated to a temporal ure of l«»U°-K»u n t\ 
tinental workmen, instead of using a the foiinei* being about the degree ot 
• brush, prefer ^o use a wooden blank heat obtained il the bod tonus the top 
provided with a handle and co\cred | of a steam-chest led w ith waste or “ e\- 
w-ith several thicknesses of doth or | haust. *’ steam ; but if “ live ” si earn of 
“moleskin.” Then, again, a rolling about. Ill) lb. pressure is u.a»d, the lem- 
maclune, or aiertieal press, is occasion- pe rat ure will be something like 

ally used in making the mould, but the To return to the tonne and mould, 

press and rolling machine are of little The mould leaves the forme at. once, 
use except in the case of tolerably solid When any adhesion occurs, something is 
and uniform formes, such as the pages wrong with the work, c.//., tissue paper 
of a newspaper, 'flic rolling machine not imperxions; execs.’ ot paste under 
for moulding consists merely of amoving tissue paper, thus hPe.iking up tissue; 
bed with an adjustable cylinder over it, tissue broken in beating, from loo bard 
bed and cylinder being geared together, blows or extreme soltness oi fiong; 
The mncRine, however, is seldom Used mould too deep, so as to fit over the 
without the brush being used as an ad*- shanks of t!ie # types, or evqji penetrating 
junct. Sometimes the press or machine between them; paste on face ot the 
i^used to set the tlong firmly in position thmg, from careless making or piling; 
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imperfect oil in *4 <*l’ i*»r» n i , «>r unsuitable 
oil; alkali «>r other fon-ign mutter un 
type. 

Uut a slight ti'iideimy to adhere can 
general lv bo eombaled by repeatedly lift - 
itig tin* edges of tin* mould, as tar as is 
possible without, bonding or straining 
the mould ; and then letting it spring 
back; at the same time slightly loosen- 
ing the quoins and beating the back of 
tlte mould with the brush. (Fig. 29S). 


T {rating hi usIj. 

In the case, of persistent sticking, the 
only alternative is to beat the forme 
once more and repeatedly moisten the 
back of the mould with water. In this 
case the mould will he spoiled. 

The mould, as it, comc.s oil' the forme, 
is dry to the touch, but ordinarily not 
dry enough to give a good cast., and be- 
fore drying it further it. is convenient, 
to trim the edges to the outsides of the 
gutters left by the clump-,; and to 
paste on to one end a flap of brown 
paper long enough to project 2 in. or so 
out of the casting-box, and, at the same 
time, to allow a ln*ad of metal of not. 
less than G in. For this purpose, a 
more adhesive paste is required than 
that used for making the Hong. Still’ 
rye flour paste i-. best. 

The mould may now be laid on a hot 
surface to further dry* or, better still, 
it may be baked in a steam or gas-oven, 
heated to about the same temperature 
as the moulding press ; but in any ease 
it should be kept Hat by pinring over it 
a piece of heavy but small-mcshcd wire 
net, and if necessary a weight is put, 
upon this. A suitable wire net is made 
with iron wire of A’o. JO J.W.O. (-OG4 
in. diameter), and G meshes to the linear 
inch, and can be had from firms that 
furnish miHrrs* plant. «Thc ordinary 
wire gauze or net sold at the hardware 
shops, Inning 0 meshes to the inch, is 


made of much thinner wire, and is not 
much used for the present purpose, as it 
has not suilieicnt rigidity to keep its 
shape as a. slab or plate. The wire net 
should be in contact, with the tissue 
paper side or face of the mould, as 
slight indentation on^this side will do 
no harm, whereas any indentation on 
the back of the mould will show on the 
face of the cast ; and when several 
moulds are piled in the oven for baking, 
they should be laid hack to back ami 
face to face, with a piece of sheet metal 
(say stout tinplate) between the backs, •• 
and one of the w ire-net sheets between 
the faces. 

The baking, or second drying, being 
at. an end, we come to the easting, ami 
before tii is is done it is a very common 
practice to brush some fintdy powdered 
French chalk into the mould, and then 
to dust out the excess by turning the 
mould face downwards, and gently 
beating the back with a fiat slice of 
cane. This is quite unnecessary if» the 
mould is very dry ; but by the use of 
French chalk the effect of any trace of 
moisture remaining in the mould is 
minimised, and, moreover, the cast 
separates from the mould more easily — 
a matter of some importance when it is 
wished to make several casts in the 
same mould. 

All is now ready for laying the mould 
iu the casting-box, the casting-box 
having been warmed by a gas jet under- 
neath, or by easting a few blanks in it. 
The mould is laid face upwards on the" 
horizontal slab of the casting-box (Fig. 
290), the brown paper flap Ranging a 
little over the lip of the box. The pica- 
high gauges are laid along the gutters 
formed by the clumps, the top leaf of 
| the box is closed down and clamped by 
the screw, and the casting-box is swung 
on its axis, so as to bring the lips to 
the top. 

When stock sizes have to be stereo- 
typed, it is convenient ter use set gauges, 

like Figs. .‘300 or 301, but in other 
cases it is usual to employ adjustable 
gauges, such as Fig. 302.** 

When the mould is charged with 
type-metal, it is necessary, in order ^to 
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c»1>t ;iiu a good ca^t, that the whole of the 
metal inside should remain fluid until 
the mould is completely filled with 
metal, as if any part solidifies before the 
mould i* full, the east is sure to show 
curved streaks where the east has 



solidified, and the fresh metal has not 
run up so closely as to make a sound 
east. This is most noticeable at the 
hack of the c^st, where the casting-box 


|ML | 

, -,.3 i ” 

{Stereotype pauses. 

exereisgs the most sudden cooling action 
on the metaj, and the object of heating the 
fasting- box is to diminish the tendency 
%to this sort of Ihing, Heating the 


easting-box is generally inMiflicicnt in 
it, self, when th# east is large, unless 
the heat is raised to nearly the melting 
point of the metal— an obviously incon- 
venient course. It is very imicli more 
convenient and satisfactory to warm the 
box only slightly (say to about 100° (' ). 
and to cover the face with a non-con- 
ducting coating, which may he ex- 
tremely thin ; in fact it is snllicient t** 
sponge the iron plate over with a very 
thin wash of jewellers* rouge (finely 
divided ferric oxide, or practically, 
much the same thing as finely diwdcd 
iron rust) and water, a film of the 
oxide so thin as to la* scan ely noticeable 
serving to retard the solidification of 
the metal during the short tune re- 
quited to till the mould. Although a 
thin wash of jewellers’ rouge is the best 
coating materi.tl to employ when very 
delicate castings of type metal are to 
lie made in metal moulds (as. for ex- 
ample, iu lasting the thinnest “ leads *’), 
a thicker and coarser inixtme, made by 
stirring J lb. red ochre into J pint water, 
is often used, this being applied with a 
brush. London stereotype! s, however, 
more usually lay a sheet of thin card- 
hoard over the hack plate, or a sheet of 
thin paper will he quite as effectual in 
preventing the chilling of the metal ; 
but. stereotypers generally prefer the 
card, as lasting longer and being easier 
to handle. The card, however, is 
liable to blister, and so cause inequalities 
in the thickness of the plates. In the 
absence of a metal casting-box, excellent 
v.'oik may be done by using two slabs 
of dry wood, held together by screw' 
chimps. 

All is now# ready for the casting of 
the stereotype. To ascertain whether 
the temperature of the metal is about 
right, a strip of card or of old mould is 
immersed in it for a few T second". If 
the card becomes of a medium brown, 
the heat is right (qjiout - oi»0° Ck), 
if it chars and blackens, the temperature 
is too high ; should it merely become 
yellowish or light brown, more heat 
must he applied. When the metal is 
too hot, it scan he rapidly brought down 
l»y stirring in some cold metal. It. is 
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important that, when poured, tlie sur- 
faee of the metal shoit'd he clean an 1 
free from scum or o.xido, as t hi'? might, 
lodge ill the cavities of the mould and 
render the c 1 st unsound; and the nior-t 
convenient wav of cleaning the surface 
is to throw into the pot. some powdered 
rosin, which melts and so far agglome- 
rates the oxide that, it can readily he 
removed by skimming w it h a pcrlhmted 
iron spoon. Suliicicnt metal is now 
taken out. of the pot hy an iron ladle — - 
one with a Hat poming-side (Fig. .'»tt ») 

roi. 

Laille. 

is often used — and the metal is poured 
steadily, but not so quickly as to cause 
splashing, into the mould. Under ordi- 
nary circumstances, it makes but little 
difference whether the stream is poured 
against the back plate of the easting- 
box or against the face of the mould, 
although the fornn r is the most usual 
course, and some persons make a point 
of drawing the ladle along tin* lips of 
the mould during the operation of 
casting. 

The metal used for stereotyping is 
much the same as oidmary type na tal, 
only, as a rule, the stereotype!’ is con- 
tent with an alloy tending too much 
towards softness, while of late years 
type founders have been moving in the 
direction of harder ami harder metal. 
An alloy well suited for ordinary work 
contains 20 per cent.. of««aiitiTnony, the 
remainder being lead ; or lead 4 parts, 
antimony 1 part. For preparing this 
alloy, a very safe lead to use is the soft 
lead which has formed the linings of 
tea-chests, or i f ‘ commercial pig lead is 
used, a soft sample should be selected, 
and this may be sufficiently judged of 
hy scratching the surface with the 
finger nail. Hard pigs often contain 
traces of zinc ; this metal, which is 
especially bade in stereotyping alloys, 
being used in some of the desilverizing 


processes, and the last traces arc not 
always removed. When, however, the 
hardness of the pig lead is knowi; to be 
duo to antimony, topper, or fin, it may 
be used quite safely ; in find, hard lead 
then becomes more desirable than soft 
lead. The lead and antimony being put 
together into the in^i melting pot., 
Mifln ieut. heat is applied to limit the 
former, when the antimony gradually 
dissolves in the melted lead, forming :iu 
nllov winch fuses at about C. 

L«*ad melt -> at something like C., 

while antimony fii'.os at 4oO n (’., or a 
low red heat; the stereotvpe metal 
following the general rule that allovs 
melt at considerably lower tempera- 
tures than t he mean melting points «*i 
their constituents. Sometimes stereo- 
typers reduce the proportion of antimony 
so that the alloy only contains 10 per 
cent, of the metal, but in this case tin- 
alloy is noticeably soft, and wears badly 
in printing. A very superior stereotype 
metal, which is not only harder but moie 
fusible than the above-mentioned,, call be 
made bv melting together !» parts lead, 
1 of ant imonv, and 1 of tin. Obi mixed 
t v | ene rally makes an excellent, ste- 
reotype metal, and will often bear the 
addition of nearly half its weight of 
le id. Type metals, like so many alloys, 
are harder w lien the cooling has been 
very rapid than when it lias been com- 
paratively slow, and lasts obtained, in 
a given alloy, by the paper process, are 
consequently softer than those by the 
striking process of Caress and Didot. 

The most positively objectionable im- 
purity likely to find its way into the 
stereotyping metal is zine, tlf;s niet.il 
making the alloy flow badly, and the 
face of the cast rough and patchy, 
i doubtless by its tendency to separate 
| from the other metals. It is, therefore, 
j important to keep watch against its 
inti eduction into the stereotype foundry, 
and in melting up old type or scraps, 
any portions w’lueli remain umnelted, 
and float on the surface after the hulk 
is fused, should be skimmed., off, as 
tlieve are likely to contain the lighter 
and less fusible zinc. The larger the 
proportion of lead in the stereotypy 
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metal, so much greater is the. evil etlect 
of the zinc. Zinc, in lead or in type 
metal may be removed by calcining at a 
low red heat, the zinc oxidising with 
flu* first portions of the lead; but flic 
same treatment also removes the anti- 
mony, or at any rate a confide 
proportion of ^t.. The tendency of j 
antimony to oxidise is so much greater 
than that of the lead, that stereotype 
metal used many times becomes softer j 
from the loss of antimony. A little 
arsenic — say 1-- per cent. — inciea^es 
the fluidity and hardness of a stereo- 
typing metal. 

Now take the cast out o( the box, and : 
the usual tiling is to tiim it, or cut it 
up into pages with a circular saw', and 
as the cuttings are carried round by the 
saw, and throw’ll upwards ami forward 
by the ascending sale, it is usual to fix 
a screen (as show’ll in Fig. oUd), to pre- 


is ordinarily used in conjunction with a 
shooting hoard* the ordinary wooden 
shooting board and jack-plane of tin* 
joiner answering the purpose very well. 
Fig. IhHi represents an iron shooting 

305. 
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vent them going into the eves of the 
operator. screen is ordinarily 

made of sheet metal, hut sometimes a 
neatly fitted ;«ud curved glas** plate is 
used. Generally speaking, however, 
1 have preferred to use a leaf of the 
transparent flexible celluloid, which can 
now be readily obtained as thin as a 
card, and as transparent as glass. 

Instead of a circular saw, the tool 
kiiowm as a zinc hook (Fig. .*105) maybe 
used for dividing the plate. A metal 
straight-edge is used as a guide, and 
the cutting edge of the zinc hook is 
drawn along* it a sufficient, number of 
times to ^plough a groove half through 
the plate, when it becomes easy to break 
it. • 

% For trimming the edges, a hand plane 


Miooiin,' boaul. 

hoard and iron plane specially made ibv 
stereotv pers* use, a second plane being 
provided for bevelling. When the 
trimming planes are driven by power, 
the airangement is gene] .illy .substanti- 
ally similar, the plane moving to and 
fro on a guide, while the plate to he 
trimmed is fed up against it, although 
sometimes a revolving cutting is used 
instead of a plane. 

Thin steieotvpes, cast, pica-high for 
mounting on blocks, ought not to re- 
quire planing at the hack, provided 
that reasonable attention is devoted to 
matters which influence their thickness 
ami truth, su#h as tin* flatness of tin* 
slabs of the casting-box. the accuracy 
and right, placing of the gauges, the 
keeping of the mould fiat, while 
drying, and the proper condition of 
the cardboard covering the hack slab 
of the casting-box. 9 it is easy to cast 
plates so true as to require no planing, 
indeed so true that the arrangement, ordi- 
narily used for planing or rather scrap- 
ing, the backs of thin stereotypes, would 
make them* worse, no# better. The 
arrangement is a kind of drnwbench in 
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which tin- plate is .slowly forced under ! an angle of 00° on the approaching side, 
a stout knife placed Almost \ci tic.ilh, J and K>° is a good angle for rutting edge, 
and one form of it is represented by j leaving an angle of relief of 15°. When 
Kip. ROT. " a cutting tool raj>idly removes small 

The travelling part is one with the two J shavings of stereotype inetal — as in the 
racks, while the double gearing and the j ease of a eirenlar saw or rotary cutter 
arrangement, for reversing by shifting I — then* is a tendency for the clean 



J>ruw bench for scraping buck of plates. 

the strap from the middle pulley — particles of metal to wefd together, and 
which is idh — to the right or left, also for some of them to weliL upon the 
according as one wants backward or clean surface of the work, thus making 
forward motion, will %c obvious to it rough, but a minute film of thin 
anyone, who has given attention to mineral lubricating oil prevents the 
machinery. The slow heavy cut, with tendency to welding, and it is generally 
a cutter at right angles to the plate, sufficient to allow a brush charged with 
is essentially wrong, and tends to drag the oil to very lightly play against the 
the plate out of shape, and, unless care cutter or the work, according to c ir- 
is taken will sometimes lift it from the cumslances. The free use of oil on 
bed of tlio machine. A machine tool stereotypes is objectionable for obvious 
for cutting stereotype metal will not reasons. For heavy work, water con- 
work efficiently at a much less speed taining a little soap is more* efficient, 
than 12 ft. per second between it and but it must be used freely* The above 
the metal. ordinary eftses, the cut remarks as to the relation of stereo- 
is clean and easy with such a speed, ayd | type metal to cutting tools apply wort 
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especially to t lie ordinary and rath or 
soil alloys. It. is a mutter of surjnisi* 
to me that, a planing machine with a 
revolving cutter like that u*od for 
thickncssing Hour hoard* is not always 
used for the backs of stereotypes when 
planing is required. 

In most oast 4 # — at any rate for job- 
bing work — the stereotype plates are 
brought -ip to type height by being 
nailed or screwed down on mahogany 
boards, these being, roughly speaking, 
£ in. high ; and, from the printer’s 
point of view, it is very desirable that 
the thickness of the whole should 
exactly equal the height of the type, a 
matter which may Aery well he gangt-d 
by a sort of bridge (Fig. ,’>08), under 



Gauge for height. 


which the mounted stereotype can he 
just passed if it is the right, height. 
Wood blocks expand when exposed to 
damp, and contract, when they dry, and 
consequently they vary from time to 
time; so printers, when using wood- 
mounted stereotypes, would save time 
• by passing tlqjm one at a time, and face 
downwards, under such a bridge set to 
type height.. The low places can then 
he readily brought, up with paper 
patches in far less time than when 
made up in the chase. As a matter of 
fact, stereotypers very seldom send out 
the blocks too high, as Ihc printer finds 
it much easier to pack up tlmu to plane 
off. 

Printing from stereotypes becomes 
much more. easy and certain if, instead 
of being mounted upon material which, 
like Wood, varies in thickness with 
difference in the degree of dryness, the 
stereotypes are either cast type-high in 
the lirst instance, or are mounted upon 


some firm foundation not. subject to 
considerable variations of thickness. 

Casting the plates 1 Apt -high is a 
common practice for ephemeial work, 
as in that cum: the plates can he melted 
as soon as done with ; hut it is the usual 
practice not. to cast the plate quite 
solid, a number of hollow spaces at the 
bottom, generally arched or domed, 
serving to lighten the plate. Any 
person with elementary notions of 
handicraft tan dense lor himself ready 
means of making cores for placing in 
the casting-box so as to produce the 
required cavities, and sc\eral ingenious 
forms of adjustable <oic aie now made, 
among which may he specially men- 
tioned that in which a. set of core-bars 
of graduated sizes enables one to readily 
cast type-high blocks to any required 
width. For very small blocks, it is 
more convenient, to east solid, and if 
reasonable care is taken, the blocks may 
he cast, so accurately to type-height, 
that planing at the hack becomes quite 
unnecessary, and the sides may readily 
be squared up with the hand plane 
(Fig. tiOU), or sometimes it is more 
convenient to cast small metal mount- 
ing-blocks, and to solder the thin 
stereotypes upon these. 

Metal mounting-blocks, upon which 
bevel-edged stereotype plates are held 
by catches placed round the edges, are 
on the market in various forms, much 
cleverness being sometimes noticeable in 
the devices for enabling the printer to 
build up any required size of mounting- 
block out of stock sizes. In the ease of 
an ingenious device by llarvcv Palziel, 
the loose cljps are avoided, and by 
dividing the mounting-block diagonally, 
variations in size are very readily pro- 
vided for by the iuseition of suitable 
distance pieces. Fig. «‘MW illustrates the 
arrangement. The small diagram at 
the west side is a sectional view show- 
ing the clips, whiPh are one w'ith the 
blocks, and it also shows the coring of 
the blocks, while the diagram under it 
shows a pair of tAvin blocks in plan. 
Next we have the s.-^tip adapted for 
a larger pTate by the insertion of one of 
•the various distance pieces, a series of 
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which is shown on the outer side of the 
group. Fine adjustments can be made 
by inserting nn ordinary lead, and it is 
obvious that those adjustments can be 
made to take ell'ect either across or 
along the page, or may he apportioned 
between the two. 


shooting hoard (tig. 30G) being con- 
venient. for this purpose. For working 
in narrow places, and close up to t.h*» 
type fare, a “ /inner ” chisel of suitable 
width may he Used, in* a scraper shaped 
like Fig. 310, and mu gle of the 
scraper may advantageo slv be ground 



I>ai/iel'b stereo blocks. 


A very firm and satisfactory blocking 
up of the stereo plate is a method due 
to lirightlev. A few short pieces of 
wire arc soldered to tlm back of the 
plate, and it is laid on its face and 
surrounded with a type-high border. 
A mixture of calcareous cement and 
wat »r is filled in level with the top of 
the border, and a flat plate, slightly 
oiled, is laid over and weighted. 
Brightley used Koman cement, but in 
the present day Portland cement is 
more convenient. This method is un- 
suitable when the plates arc wanted for 
immediate use, as in ordinary cases the 
mould should not be removed for about. 
12 hours, and 2 days should elapse 
before the mounted stereotypes are 
used for printing. 

It very often happens that, the stereo- 
type requires some work done upon its 
face, such as cutting ayuy the parts 
corresponding to large white surfaces, 
raising low parts, or “sinks,” or solder- 
ing in letters or electrotypes. For 
chipping away extended w kites, a very 
convenient tool is the carpenters’ gouge, 
driven by a rather light mallet, an 
assortment, of 4 ffr 5 gouges, the 
narrowest about, ^-in. across, being 
ample. When chipping away the metal 
with gouge and mallet., it is desirable to 
place the stereotype on ft planed iron 
surface, provided with a transverse bar 
against which it can rest, the iron 


! on the edge of the grindstone, so as to 
! shape it into a chisel-like tongue about 
j wide, or a special tool, like 

! Fig. Jill may be used for scraping 
I between the lines. Sometimes a rout- 
j ing-out machine is used, in which- a 
' conical dome-shape l revoh ing cutter, 
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Parallel ended scraper. 


provided with universal movements, i-* 
brought down on the plate ; but, in 
ordinary cases, then; is little or n> 
saving of time by the use of such a 
machine. When there is a “sink” on 
the face of the stereotype — this being 
generally the result of an arching of the 
mould* — it may be brought up by 

* May arise from a scrap of metal or other 
foreign body uniter the flung, penetration «»f 
liquid metal throuuli a hole in the /long, or the 
Joint of the paper hap, from distortions of the 
mould dnring drying, or by cureless clumping ^ 
up in the easting-box. 


t 
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laving the plate lace down on a planed ing in :i type* requires some care and 
iron .surface (a sheet of paper being watchfulness, liAt it is very easily done, 
interposed if this is thought, necesaan ), The stereotype is clamped lace upwards 
and hammering on the hack with a on the punching-out slab(Kig. Hlii), and 
broad and round-fared hammer, snrli as with the line containing the false letter 
that used hv shoemakers lor heating out immediately in front of the hndge. 
leather; a" little paper packing being The adjustable part, of the. bed, showu 
then pasted on t^e hack to support the at. the left of the diagram, being now 
hollow. In heating down the •‘•dub,'* set so as to leave a gap exactly under 
care mint he taken to strike in the the line, the chisel (Fig. yi.'J) is.usod to 
middle of the place 1 at her than at the make an indeutatiou round the letter, 
e Iges, and to stnke the fewest blows at any rate on those sides where access 

can he had, the chisel being 
placed with the unbeudled 
side, next the letter to he 
removed, and being held vrr- 
tically. A punch like one of 
those shown in Fig. iU.'J, and 
of the right, size for the 
letter to he removed, is n«>w 
held lirnih atop of the letter, 
and is din on through the 
plate by a hammer. Aliy 
im-tal driven beyond the plane 
of the hack may now he cut. 
otV with a shai j> chisel ; and if 
any indentation of the fa< e 
Punching-out slab. round about tin hole is visible, 

it, call he dealt with as re- 
t hat will do the work, otherwise the commended in the case of a “sink.” 
plate may be distorted so much as to The hole is now trimmed, by means 
render it useless. in t lie of a rectangular lilef, to the hare size 

thick curved stereotypes used for news- of the type to be inserted, and the. 
paper work on rotary machines, the typo, after haling been scraped clean on 




• 


Tools lor removing false letters. 



machine minder will often hiing up a 
low line * byMriving a chisel obliquely 
into the jnctal above it. and below it. 

Cutting out a false letter and solder- 

* The standi ns Hues in newspapers and 
periodicals arc often low to paper. 


' the sides, is inserted from the baek. 
The face of the letter having been 

f Files of rectangular eection down to a 
i square tile about ■£, in. nerossuran lx» obtained 
nt watclimnkAa* material shops of (Jlerkemvell 
[ or .Soho. 
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adjusted to its exact position and level, 
the stereotype is laid V.ice downwards 
on the punching-out slab, no paper 
being interposed between them. A 
little powdered rosin is dusted on, and 
with a rather fine pointed soldering 
bit a trace of solder is applied at two 
opposite points of the join. The shank 
of the type is then nipped or broken oil’, 
and the place is tiled or scraped level. 
Sometimes a skilled workman will pul 
a patch of solder over a false letter, 
and out of this engrave the required 
character, but such a method of working 
is more usually adopted when a dot or 
the tail of a letter is broken oil’ and 
must be replaced. 

The soldering is very easy if a few 
point* are attended to. The copper bit 
being heated to a heat a little under 
redness, is rapidly cleaned about the 
point with a file, and quickly dipped 
into an acid solution of chloride of 
zinc,* and then rubbed on a stick of 
soft solder which lUelf has been 
moistened with the same solution; it 
thus becomes well amalgamated with 
the solder, or is “tinned,” to use the 
expression of the workshop. To keep 
the soldering bit in a good condition, its 
tip may be rapidly dipped in the acid 
chloride of zinc solution after each 
heating, and being then charged with 
solder it is ready for use on the stereo- 
type plate, and if the part to bo soldered 
is sprinkled over with powdered rosin, 
this will 1)0 sufficient protection, and 
the small drop of solder carried up on 
the tip of the bit will unite and How 
readily. The acid chloride of zinc 
solution should not be applied to the 
type metal, as it rather corrodes it than 
protects it. 

When much soldering has to be done, 
as for example, if electrotypes of wood- 
cuts are to be soldered into stereotype 
plates, a soldering bit, heated by a 
small gas blowpipt, is a great conve- 
nience and saving of time, and the de- 
vice represented in Fig. 314 is a specially 

* Commercial hydrochloric acid saturated 

with zinc, and wf'en poured off from the excess 
of fwtal, is mixed with i its hulk of hydro- 
chloric add. 


fYPINTS. 

convenient one for the stereotyper, and 
the instrument itself can easily be con- 
structed by any all-round mechanic. 
The tubes leading gas and air respec- 
tively (the air being conveniently sup- 
plied by a foot bellows) arc shown first 



passing through a wooden handle and 
thence into the cylindrical head of the 
apparatus, where is fitted a small 
lierapaih’s blowpipe, the flame of which 
plays upon the small copper bit held, as 
show'u, by two lugs extending from the 
cylindrical head. A cock is placed on 
the gas-pipe just over the handle, and 
where it can be operated by the thumb 
of the right-hand, while the crutch 
sliow'n oil the figure forms a convenient 
support for the blowpipe when not m 
use. 

Although very little care and atten- 
tion on the part of the workman will 
enable him to use ordinary soft solder 
of the tinman without fear of melting 
the adjacent parts of the plate, there 
are cases where it may be desirable to 
use a more fusible solder, in which case 
Wood's cadmium solder may be em- 
ployed. It melts at a temperature 
considerably under that of ordinary - 
solder, works nearly as easily, and is ** 
quite as strong. Jt is prepared by 
melting together cadmium 2 parts, tin 
4 parts, lead 2 parts. # 

An alloy of bismuth 2 parts, tin 1 
part, and lead 1 part, forms a soldeP' 
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easy t , attdy strong and j 

melting below tin* boiling point of 
water. When figures have to bo altered 
several tinier, this bolder is convenient, 
to use, as those first soldered in can be 
readily removed by immersing the plate 
in boiling water or heating it till, when 
touched with a #et linger, one can ju-d 
feel steam formed, then giwng the 
figure a slight tap to drive it out. 

In stereotyping lor newspaper woik, 
everything is carefully studied to attain 
speed, especially ill the ease oi the 
evening papers, and it becomes po^ible 
to mould a page and ca-t a plate in 
about 10 minutes. In such chm-s, the 
plates are cast curved, so in lit tin* 
cylinder of the machine used. 

Two workmen beat the Hong to make 
the mould; a rolling press being often 
Used Ui finish tin* moulding. There is 
generally very little packing i.f the 
whites to l»e done, so it suffices to 
sprinkle a littb* whiting upon the back 
of /he mould, and serape it into the 
hollows with a straight-edge, alter 
which the final thhkness of blown 
paper is pasted on, and the forme i.> run 
under a hot press to dry, the heat being 
as great as can he ventured upon with- 
out. damage t» the type. In 
minutes the n ild is removed, finally 
dried on a hot surface for another 
similar period, is dusted with French 
chalk, and is then placed in a curved 
casting -box (Fig. 31ft), the in eta-1 being 
poured in at the side of the page, while 
in the older pattern of cuncd casting- 
box it was poured in at the top. The 
metal poured from a large three- 

lin«i.ll A ,l i : i — * .... r « 


than is the case with cold metal. 
Therefore, the ordinary machine lor 
boring the iaside of the cast, and in 
which a single knife is made to revolve 
slowly and take one heavy cut (Fig.31f>), 
is less unsuitable than might at first 
sight be supposed. But in this case, if 
\\ revolving cutter were used, find were 


fed with slightly soapy water by a 
scries of conduits in the cutter-bur, it j s 
quite likely some ccniiomy of time 
would he effected. Soap, like oil, soils 
the surface of the type metal suffi- 
ciently to prevent welding. 



Ca-ting-box for cursed plates. 


olC. 



Machine lor boring ins de ot curved plates. 

A common form of apparatus for 
trimming and levelling the edges of the 
curved stereotypes is that sliowui in 
Fig. 317, the plate being clamped down 
on a suitable saddle, ami trimmed by 
adjustable knives, the holders of which 
are moved backwards and forwards by 
hand. Another trimming machine is 
represented by Fig. .‘*18. In this case 
we have a revolving cutter and the 
plate is fixed upon a saddle which 
traverses and rotates byjjiand gearing. 

Occasionally jdates intended for print- 
ing on votary machines are cast flat 
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and afterwards bent to the required ! laid over the die. In the other case the 
curve, and there are two method* of | slereotvpe is laid between steel plates 
doing this. In one ease the plate, pre- j thin enough to spring, and is rolled 
viously warmed, is forced down into a several times through a set of ,*> rollers, 

one of which is adjustable so us to give 



3is. 



la v oh i in; cult* r. 


curved die by a sort of plattcn formed 
of stiff leaves of spring steel, but when 
the same machine is intended to bend 
to any curve, a bed piece, similarly 
formed of plates of spring steel, must be 


the required set- 

in either cum*, it is necessary to place 
paper or a blanket between the face of 
t he stereotype and the steel plate, and 
the results of the bending are seldom 
quite satisfactory, unless the plate to 
be bent, is fairly solid, as in the case of 
an ordinary newspaper pave, any ex- 
tended whites interfering with the - 
regularity of the bending. In the case 
of elect rot \ pen, which are ordinarily 
hacked up with a softer metal, the 
bending is easier, and electrotypes .are 
often bent that they may he soldered 
into (Mined plates for illustrated news- 
paper work. 

The work of the newspaper stereo- 
typer is very seriously interfered with 
it any wood-mounted blocks are inserted 
in the forme he lias to mould, the h*at 
passing so much more slowly through 
wood than through metal as to make it 
almost a matter of certainty that the 
mould will he less dry when over such 
blocks ; this being not only calculated 
to give a rough face to the lines, hut 
also to lead to a distortion of the face 
of the mould in the second drying. 
This evil is especially apparent in the 
iflise of the zinc process blocks, \ehi< h 
are made very thin, and are conse- 
quently mounted on an extra thick 
block of v ood. The separate moulding 
of the blocks and casting type high, or 
the mounting of them upon so^cl metal 
bases, is so easy that there is scarcely 
an excuse for being so unfair to the 
workman as to send pages containing 
xvood-mounted blocks when a stereotype 
is required in a minimum of time. 

Probably the interfering influence of 
the wood mount is largely responsible 
for the tradition that the paper process 
is unsuited for the reproduction of the 
finest engraved work, but personally I 
am quite convinced that if all or most 
reasonable precautions* afe taken to 

* Such as clean and evenly but slightly a> 
oiled or i gi nul ; well united, thoroughly seasoned, 
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ensure the very results Etcrcnt\ j>es importance, that* in the case of a mould 
can be made* by the paper process, not very thoroughly dried, the best 
which .are equal in fineness of surface result is obtained with t lie metal at as 
anil definition to the best elect rot ypes, low a temperature as practicable, 
and are superior in durability to many whereas in the case of a mould baked 
of the veiy thin shells of copper on a for a long time, the hotter the metal is, 
base of vm so% metal, A\hhh pass this better the result, provided it just 
now-a*day>. The paper process is, stops short of burning the paper; so it 
however* a«'V ill adapted tor moulding is possible to have failures cither from 
duect from wood cuts, owing to the the metal being too hot or too cold. 
.n-1 inn of t he beat and moist me on the The use of French chalk on the face 


wood; and it is seldom empbned i«>r 
this purpose lmhsg in the oust* of Aery 
small blocks, or when t me necessitates 
1 1 . The steieotvpe by the paper pro- 
cess is, when at its best, smooth, 
hnlliant, and lustrous on the face, 
where the metal takes the impress of 
the compressed and hardened matr:.\ ; 
while the low parts, which are cast in 
contact with the spongy pint of the 
mould, arc always rough and often un- 
sound in the sense of being permeated 
l>\ holes and faults. The depths are 
nicely rounded and the square shouhl»rs 
of the type shanks show not at all, or 
only faintly. 

In all ordinary stereotyping woik, 
some moisture remains in the mould. 
It. is possible to make a fairly sharp 
cast in a mould which is quite, wet. 
l’»y using Wood’s fusible metal,* which 
melts considerably under the boiling 
point of water — say between 00° and 70° 
h 1 . — a very fairly good east is obtained, 
the heat not being suflieient to tonvert 
,the water into steam. This experiment 
is interesting, Sot only as showing a 
possible means of making a stereotype 
in a shorter period than the usual time 
— although t liu high price of bismuth 
tends t.o put it, outside practical work — 
hut. also as illustrating a point of some 


and ratliei dry Hong* drying thoroughly in the 
press with occasional lightening up; long 
hakiTig of the mould ; non-use of French chalk ; 
a suitable hard ufMal — say the tin alloy men- 
tioned— and this at as high a temperature as 
the mould Vi II bear; and a considerable 
‘head” and margin of metal in casting, the 
margin being oi the full thickness or the 
gauges. 

1 part cadmium, 2 tin, 4 load, and 7 bis- 

muth. 


of the mould tends to minimise the 
iniMhicf resulting from traces of mois- 
ture in the mould, but as it m\aiiubly 
makes the face of the cast a little* rough, 
it should only he used when needed. 
Another use of French chalk is when 
! numerous casts are required from tho 
| same mould, as it tends to prevent, 
adhesion between the cast and the 
mould. When a large number of casts 
| are required irom one mould, other 
precautions to be observed are to use a 
well •cemented and ripened Hong which 
is not too soft, to avoid making thu 
mould too deep, and to heat with 
numerous gentle blows, rather than 
with a smaller number of heavy blows, 
as this tends to give a mould in which 
the depths are nicely rounded oil*, and 
do not follow the nearly vertical sides 
of the t \pe face. Again, patches of old 
mould, or pieces of thin sheet metal, 
may lie laid in the moic considerable 
depths of the forme, so as to support 
the Hong where subject to the greatest 
strain. Some stereo typers do this in 
the case of most ordinary work ; while 
those who have a dilliculty in beating 
the Hong without shifting it, do the 
same in the Aise of all Aery open 
formes. 

The question of damage to type dur- 
ing the process of stereotyping is one of 
some importance, and it. mainly steps in 
when a high tempo rat me is employed 
for drying. If tlu* forme, is a cry 
tightly locked lip in thechase.it may, 
in expanding and softening uuder the 
heat, become elongated, while, on the 
other hand, it may become shortened by 
the pressure of the drying-jn-ess. These 
two circumstances tend to make a 
newspaper fount become of unequal 
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height, .ml the fount is rendered 
useless. 

Let the Tonnes he locked with only a 
moderate force, sullieient to secure safe 
lifting. With 1 lie enormous power at 
the operator's command, only a slight, 
turn of the wrench produces enough 
pressure on the t\pe to secure this end 
— which may he verified by experiment 
— and then loosen the formes as soon as 
they are placed on the hot stereotyping 
lied, so as to allow for expansion. 
When possible, lifting the formes at all 
should be dispensed with : they should 
he imposed and then slid along on a 
continuous bed or imposing surface 
right on to the moulding bed, so as to 
avoid all possibility of accident. With 
Mich < oiivonieiiee at command, there 
would be no necessity at all for exces- 
sively powerful locking apparatus, and 
the ordinary wooden quoin and side- 
slick would be found sullieient. We 
strongly advocate the insertion of wood 
furniture — say about two-line pica 
reglet — between the long side-stick and 
the type; for, in case of undue expan- 
sion of the type in the process of mould- 
ing for stereotyping, the wood would 
give way before the metal type, and the 
latter would therefore be preserved. 

It is sometimes desirable to mould 
work, in case of a future demand; but 
this is not done so often as it might, 
because the printer does not care to 
take the trouble of sending the formes 
to the stereotyper. Now it is a very 
easy and inexpensive thing for any 
printer ft* mould his formes immedi- 
ately they come from the machine, and 
to keep the moulds intense of future 
need. Take the formes of a ld-page 
publication ; a set of light, metal frames 
tit in the gutters so as to bring these 
up to the level of the face of the type. 
Thu pieces of flong— each corresponding 
to a page, with the necessary margin — 
may be rather 6ver-dry than moist ; 
with them you can mould a page at a 
time, and not many seconds are required 
for moulding each page, while as each 
mould is imple it is lifted off and set 
aside. The formes need not. even be 
washed, as the remaining ink does -no 


harm in this case; and the moulds 
being removed at once, there would be 
but little risk of adhesion, even if there 
were not a trace of ink on the type. 
The damp moulds are now laid between 
quires of rough paper, this being suffi- 
cient to keep them Hat during the time 
of drying, which may,. lie several days. 
When dry, they are stored away in 
bundles. In casting from one of these 
moulds a few pieces of old mould are 
pasted into the hollows at the back, and 
the brown paper Hap is pasted as usual 
on that edge which is to be the top, 
but the extra thickness of brown paper 
at the back is dispensed with. In some 
new- paper offices, it is the practice to 
take the moulds off some of the earlier 
pages while wet, and dry thorn 
separately. When the mould is ie- 
moved wet, there is a contraction of 
about , ^ linear. 

More or less successful attempts have 
been made in the direction of moulding 
the type iu a dry and spongy millboard, 
and casting at once -these methods 
being called instantaneous stereotyping 
processes; but nothing of this .sort has 
come into general use. The pressure 
require 1 for a newspaper page would be 
enormous, and the results hitherto have 
not been quite satisfactory. 

The paper process of stereotyping 
lends itself very welt to the production 
of plates for printing in several colours, 
whether for typographic, or block work. 
A series of plates cast in immediate suc- 
cession, in the same well-dried mould, 
corresponding very exactly ; and it is 
better to cut away from pch plate 
those parts not wanted, than t<\ attempt 
to block them out in the mould, as this 
latter course may easily lead to distor- 
tion. In cutting away the waste metal 
from the plates, care must be taken not 
to strain or distort them, and for such 
a purpose the routing-out tool alluded 
to is very useful. 

The mention of cutting away plates 
for printing in several colours recalls a 
use made of stereotypes early in this 
century by Charles Babbage. He would 
obtain a number of casts of a block 
showing a complex machine, and fy 
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cutting away he would produce . a 

separate block show in" each important, 
organ of the maehine, ami tlie>e would 
In* print ed alongside the complete 
sketch. 

Tobacco Picks. 

Among tl 10 branches of imluMry 
which ha ,,n been a consequence of tin* 
introduction of tobacco, the munufar- | 
ture of pipes has become of considerable 
importance. immense quantities of 
wood, meerschaum, china clay, and 
pipe clay are annually converted into 
pipes, principally in England, France, 
(lerinany, and Austria; a smaller quan- 
tity being produced in Holland and 
Tuihey. Wooden, china, ami meer- 
schaum pipes arc made mostly in Ger- 
many ami Austria, and among clay pipe 
producers England takes the liixt rank. 
Although the value of rl.iv pipes S 
comparatively small, the enormous 
quantity in wliivli they are, mad-* makes 
thftn an imjiorlant product of industry 
to England. 

Cini /, — The principal pipe, factories 
are located in Dorsetshire aim Devon- 
shire, where a pure variety of potters* 
clay is found in great abundance, it 
resembles kaolin in its character, 
although it contains a little less silica, 
and remains quite porous after baking. 
The clay is first, freed of all impurities 
by levigation, and then undergoes re- 
peatedly a process of kneading and 
curing in open tanks, exposed to the air, 
in much the s.*me way as day for other 
purposes is treated. After it has 
acquired the desired plasticity, it is 
divided into masses of about 50 lb. 
each, which are then given to the 
formers. 

The first step in making a pipe is the 
formation of the stem in a metal 
mould. A small lump of day is left 
attached to this rod, of which the cup is 
afterward formed. The rod is then 
pierced through its length with an oiled 
brass rod. Holding the pipe by the free 
end of the |tem, the operator now im- 
P^s to the cup its external form by 
queans of a copper mould, in which, if | 


ornamental pipes arc to he made, are 
engraved tin* designs. It is pro\ idol 
with a spring to npi-u it automatically. 
The pipe then passes to a third operator, 
who forms the inside «■!' the cup with 
hi* fin giws, and establishes communica- 
tion between the cup and the stem by 
piercing the separating wall with the. 
brass rod. The pipe js now' put aside 
to dry m the sun, after which it is 
lc.tdy for tlie oven. Three men finish 
tJOO-TtM) pipes a day. 

Eig. oil) represents an oven used by 
English pipemakers. The lire A is 
located centrally in the oven. The 
heated gases circulate through the space 
15, formed by the walls of the oven 
and b\ the inutile which receives tin; 
pipes. The latter are introduced though 
tlie door E, and arranged in the position 
indicated, on sliehes made of biscuit. 
An oven of this kind usually contains 
‘JO no pipes. The pipes aie generally 
baked for 8 0 hours. 

Ordiuaiy pipes receive no glazing of 
any kind, while some of the better class 
are painted and glared. Tbev are very 
porous, lienee their tendency to adlieie 
to the lips. To overcome this, the 
mouth ends are dipped in water con- 
taining a little pipe clay in suspension, 
and polished. 15y this means the pores 
of the cla v arc stopped. Pipes of better 
quality are covered with a mixture of 
soap, wax, and gum, and then polished. 

Ditlieulty is occasionally experienced 
in holding the pipe* in proper position 
in the oven. Some manufacturers till 
the oven with tine sand after the pipes 
arc in position. The sand fills all 
interstices and supports the pipes. 

The clay pipe, like the needle, has to 
undergo a large number ot operations 
before reaching the state in which we 
find it in commerce. The manufacture, 
of it. requires much manipulation, and, 
despite the progress oi mechanics, the 
machine has not beep introduced. 

For th« manufacture of pipes, all 
clays are not equally suitable. Use is 
made of plastic and usually white clay, 
and sometimes of clay coloured by 
metallic oxides. Such •clays arc not 
met with in France in a sullicienk state 
2 A 2 
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of purity, but are procured from the 
Belgian Ardennes. 
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]‘ij»e-n]tt tors’ oven. 

These clays always contain impuri- 
ties, consisting of oxides, * sand, frag- 
ments of rocks, &c., in variable propnr r 


tioii. The first operation that the 
material undergoes is consequently a 
cleaning, which is done partly 
by hand by children, and is 
linMied by a washing of the 
clay and allowing it to deposit, 
in basins of large dimensions. 

The seeoiuj 'Operation is the 
mixing of the earths in defi- 
nite proportions. As each 
day has a different, properly, 
the mixing of several kinds 
is necessary in order to ob- 
tain products that vary as to 
colour, hardness, &c. 

This mixing is one of the 
^ principal secrets of the manu- 

\ tacturer, and an operation 

'A that, requires no end of study 
before giving such a product 
; as may be required by com- 

^ inerce. It is performed in pug 

; ^ mills actuated mechanically, 

;> and identical with those used 

in ceramics. The clay comes 
from the mill perfectly homo- 
geneous and in a state of 
. ^ medium plasticity. it is 

\ J then carried by an elevator 
to the rooms of the rollers 
'V in the upper part of the 
building. It is distributed in 
V.;: blocks over wooden tables, 

^ around which are seated 12- 

J.Vyear-old children, who are 
called “rollers,” and who 
take a block of proper size 
in each hand and form it 
into a hall hv foiling it on the 
table in different directions. 
Then, exerting a pressure 
with the hand upon a part of 
^ the hall, and giving it a back- 

; o^ss ward and forward motion, 

they very quickly give it the 
form of a pipe whose bowl 
and stem are in the same 
axis. They have produced a 
: “ roll.” The rolj made, they 
bend up the head of it 
slightly and place it alongside 
of them upon a board. r iihesu boards, 
containing a definite number of rolls, 
are carried to the moulders. ^ 
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Tin- numMers* tools uVo show 11 in Kigs. 
3’2<>, Owl ; they include a mould of emo 
or more pieces, a compressor, a long 
needle, a steel knife, and a press. 

The mould for simple pipes consists 
of two pieces of hollow steel, iitting 
together veiv accurately. Kor orna- 
mental pij>es it is of several pieces of 
chiselled hron/c, held together in a steel 
ease. The compressor is of steel, ami 
is mounted upon a handle, and has the 
internal form of the howl, “lie pres 
u an oidinary \ ice fixed to the edge of 
the table (Tig. 3-2). 


tion in a few instants on pipes 15 in. 
h»ng and 015 in. diameter in the thickest 
part. 

This operation is performed in the 
same way upon japes of all sizes. 

The roll, thus pierced, and still con- . 
taming the needle, is placed in the mould, 
and the latter is closed and jmt in the 
press. Then the workman takes his 
compressor and jmshes it into the open 
part of tin* mould until he meets with , 
the exti miity of the needle that enters 
the howl. The clay is thus compressed 
and the excess is removed by means of 



When the roll readies him, the 
moulder places his open mould before 
him, and then taking a roll, the head of 
which he ] daces upon a sjiccial sujiport, 
he thrusts his needle into the centre of 
the tail of the roll, and pushes it uj> to 
the head, guiding it with two fingers of 
the left hand, so as to keep it exactly in 
the centre. An inexperienced person 
who should try to shove the needle into 
the roll could not advanceomore than J 
in. -without pushing it through the side, 
while the workman performs the opern- 


the knife. The moulder then remove-' 
his tool, opens his press, and then hi" 
mould, takes out the pipe and pusses hi" 
knife over it, so as to remove the traces 
of the junction of the two parts of tin- 
mould, takes out the needle, and place, 
hi'* pipe iij >nii a board alongside of him. 

The pipes are arranged with care upon 
these boards, with theii. stems resting 
here and there upon snial^ sticks or cbe 
upon very fine sand. 

When these hoards are full they ao> 
delivered to the finisher, who allows th** 
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pipes to harden ;i little before finishing i 
them. Tlie finisher begins hy passing 
another needle into the stem, then 
scrapes oil’ the seams, and removes the 
lines or sears formed on the stem by the 
various parts of the mould, and, with 
a copper tool, indents the figures that 
are to appear l^on the pipe. He then 
arranges the pipes upon other hoards, 
and leav » the needle in them so as t 
prevent a curvature of the stem durii. 
drying. The hoards, holding a gross of 
pipes, are taken to the driers, whose 
temperature is very high. 

When the pipes are sufficiently dry, 
workmen polish them with tools analo- 
gous to those used hy burnisheis, and 
which are mamruvred in the same way. 

The pipes are then earned to other 
workmen, who verify them, reject the 
defective ones, and proceed to put the 
perfect ones in the saggers. These latter 
are terra cotta boxes, in which the pipes 
are arranged in circular beds, the howls 
placed dow award, and the stems united 
at>ove by a defective stem in older to 
prevent them from getting out of place 
during carriage. When the sagger s are 
full they are carried to special furnaces, 
and are superposed as in pottery 
furnaces. 

In large manufactories, the operation 
of baking is the same as in potteries. 
The furnaces are in batteries of three ; 
while one of them is being fired another 
is in process of cooling, and the third is 
being charged. 

Each furnace hakes about 000 gross 
of pipes pcr*day. The duration of the 
baking varies according to the clay, but 
it is least 5 hours, and sometimes 
reaches N -0. 

After tin* baking, the furnace is 
allowed to cool for about *24- hours, then 
the saggers are taken out and the pipes 
are removed. The latter are then 
examined, and those that are well baked 
are polished anew. 

Although the pipe is finished, it has 
yet to undergo another operation before 
it can be m£l, and that is dipping. The 
object of tjhis is to remove the porosity 
of the day, which without this would 
stick to the lips. For this operation the 


pipes arc taken and dipped, one by one, 
in a hot buth*of soap water and wax, 
and then drained and dried. 

The manufacture of the common pipe 
is at length finished; but, hetoiu being 
dclnered to t lie trade, certain other 
operations are necessary: it must, he 
labelled, and certain styles be wrapped 
up, and all must bo packed. 

'ihe packing is done in wooden boxes 
lied with straw. The pipes are ar- 
ranged alongside of each other in th 
boxes, and tin* intervals between them 
are filled with line straw. The work- 
men must have some e\peri»*n< e, for, if 
the packing is too tight the jolting that 
the box reecnes will he tiaiisimtted 
to the interior and break the pipes ; 
ami, if it is too loose, the pipes will 
strike against each other and pieces will 
be ehippod off. 

This operation must he carefully per- 
formed, as some bo\e to America, 
others to Australia, South Africa, and 
even to Northern Siberia. 

All t lie operations above described are 
applied to tin* wholly white pipe. If 
the pipe is coloured, it necessitates 
scicial new operations. After the pipes 
have been baked, they arc carried to tin* 
glazing room. The operators in tins 
latter are usually women, each of whom 
has in front of her a series of cups con- 
taining liquid glazes of various colours, 
and each cup provided with a small 
stick. Each pipe is taken up hy the 
operator, who, with the stick, puls a 
glaze upon it either in the form of dots 
or hands, it is in this way, dot b\ dot, 
that the pipes that are sty led glazed are 
finished. These pipes are remarkable 
for the finis'll that they exhibit. 

The pipes thus ornamented are ar- 
ranged upon plates and put in furnaces 
raised to a high temperature, where 
they undergo a new baking that vitrifies 
the glazing. Then, after being labelled 
and wrapped up, tjicy are packed. 

So much for the manufacture of pipes 
properly so called. With such manufac- 
ture is incorporated an accessory one — 
that of moulds. The moulds are of 
steel and sol* bronze. Moulds for plain 
pipes are of steel, and those f r 
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ornamental pipes are usually of bronze, 
chilled internally. If the pipe represents 
a head or a complicated subject, this 
part of the mould is made in several 
pieces, in order to allow of the removal 
of the object. In this ease the mould 
is always complicated, and is made with 
difficulty, for all the parts of it. have to 
fit accurately and without lcatiug any 
seams on the figure. 

The workmen who make these moulds 
must know how to sculpture very well, 
and must also possess some .skill in the 
reproduction of complicated subjects, 
ami know bow to divide .ind arrange 
their moulds. These moulds are wry 
costly. Some cm, which furnish 

true works ot art, have cost as mm h as 

120 /. 

NVc said in the beginning that 
mechanics could not. be applied to tlii.s 
industry, and the reader lias now seen 
that the only operation that could 
be performed mechanically is that of 
moulding. 

The clay pipe industry is remarkable 
from more than one point of view. 
Aside from the ditlieulties of manufac- 
turing, we find the division of labour 
pushed to its extremist limit, and this 
permits of a cheap production and of 
low selling prices after passing through 
three hands — those of the producer, the 
wholesaler, aud the retaih r. 

It is remarkable, in that it gives 
employment, to an entire family, and 
that, too, without occasioning a fatigue 
disproportionate to age or sex. This 
manufacture is essentially French, and 
its importance is daily increasing, despite 
the formidable competition of wooden 
pipes and of* cigarettes, French products 
being much superior to those of other 
countries. 

A pipe manufactory occupies an area 
of about. 100,01)0 sip ft., and given em- 
ployment. to 500-000 persons, exclusive 
of children less than 12 years »>f age. 
The annual product* is 120,000 gross. 
The number of styles is infinite, and is 
daily increasing, as the dealer is con- 
tinually asking for new models. (Acs 
Inventions N unifies.) 

The clay of which these* arc* made 


is obtained in Devonshire, in large 
lumps, which are purified by dissolving 
in water in large pits, where the solu- 
tion is w ell stirred up, by which tin- 
stones and coin sc matter are deposited ; 
the elavev solution is then poured oil 
into another, where it subsides an l 
deposits the day. water, when 

clear, is drawn off, amf*. the clay at. tin 
bottom is left sullieient I v dry for m 
Thus prepaied, the day is s plead on a 
board, and beaten with an iron bar to 
temper and mix it ; then it is divide. 1 
into piece's of the proper size to form a 
tobacco pipe; eadi of these pieces is 
lolled under the hand into a long roll, 
with a bulb at one end to foi m the 
howl; and in this state they are laid 
up in parcels for a day or two, until 
thev become sulVu lent !y dry tor pres- 
sing, which is the next process, and is 
conducted in the following manner: — 
The roll of day is put between two 
iron moulds, each of which is impressed 
with the figure of one-half of the pipe; 
before these are brought together* a 
piece of wire uf the size of the bore is 
inserted midway between them; they 
are then forced together in a press bv 
means of a screw upon a bench. A 
lever is next d. pressed, by which a tool 
enters the bulb at the end, and ’em- 
presses it into the form of a bowl ; and 
the wire in the pipe is aftenvard thrust 
backwards and forwards to carry the 
tube perfectly through into the howl. 
The press is now opened by turning 
hack tl»e screw, and the mould is taken 
out. A knife is next thrust into a cleft 
of the mould left for the purpose, to cut. 
the end of the howl smooth a|d flat ; 
tlie wire is carefully withdrawn, and 
the pipe is taken out of the mould. 
The pip«*s when so far completed, are 
laid by 2 or days, properly arranged, 
to let file air have access to all their 
parts, till they become .stiff, when tbe\ 
are drc.ssed \vi scrapers 
tin impression; of the joints of 
moulds; they are afterwards smoothed 
and polished with a piece o ‘harj wood. 

The next process is that of baking <>r 
burning; and this is pe.iftfnnud in a 
furnace of peculiar construction. It D 
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liuilt within :i cylinder of brickwork, 
having a dome at top, and a chimney 
rising from it to a considerable height, 
to promote the draught. Within this 
is a lining of fire-brick, having a tire- 
place at the bottom of it. The pot | 
which contains the pipes is funned of 
broken pieces of nipes cemented together 
hy fresh clay, <%.i liardened hy burn- 
ing : it Iris ;i numher ol \eitn.il tho-s 
surrounding it, conducting tin* flame 
troni tin* tire-grate into the dome, and 
through a lode in the d«>me up to the 
chimney. Within the pot seieia! pio- 
jcctmg rings are made; and upon these j 
the howls of the pip's are suppe 
tin* ends resting upon tiieiilar pie« es of | 
potteiv, which stand on small lo 
pillars lining lip m the n litre. 1 *v | 

this arrangement, a small pot or rimildo j 
ean he made to contain gross ot | 
pipes without the risk of damaging any 
ot them. The pipes are put into tin* 
pot, at one side, when the crucible is 
; hut when tilled, this orifice is 
nuftle up with, broken pipes and fiesh 
clay. At first, the file is but gentle, 
but it is increased by degrees to tin* 
proper temperature, and so continued 
for 7-tt hours, when it is damped, and 
hi He red to eool gradually; and when 
old, the pipes are tak» idv fo 

sale. 

tiritr-raot. — (1) The following note 
on the so-called briar-root pipes is from a 
report on the trade and commerce of 
Leghorn : — An interesting industry lias 
been started here lately hv a French- 
man from Carausonne, fur the export of 
material for the manufacture of wooden 
pipes. Similar works are also to he 
found at Sienna and Grown* to. Selected 
rools of the heath (A’rtcn 
preference being gi\en to the male 
variety — are collected on the hills of 
the Mamnrna, where the plant grows 
luxuriantly and attains a great size. 
When brought, to the fact on, the roots 
are cleared of earth, and any decayed 
}»arts are cut away. They are then 
■shaped into b/>cks of various dimensions 
with a circular saw set. in motion by a 
miv.\U steam-engine. Great dexterity is 

*javA-.''ss-AYy at V\\\a vAixge \u cutting tin* 


wood to the hc.st advantage, and it is 
only after a long apprenticeship tha + a 
workman is thoroughly cilicicnt. The 
IJoeks are then placed in a vat, and 
subjected to a gentle .simmering for a 
space ot 1- hours. 1 Hi ring this pro 
they acquire the rich yellowish- brow n 
him for which the best pipes are noted, 
and are then m a condition to receive 
the fni.il turning and boring, hut this 
i.> not done lure. The rou;h blocks art 
packed m racks containing 40 to too 
do/cn e:u h, and "Mit ahmad, principally 
to fiance (>t. Cloud), where they aie 
finished into the famous (i. 1». 1)., or 
“ 1’ipes de Hi u xcre,' 1 know'll to sniokir- 
hi i.nghind uiuler t h«* name of 4 *I»n.ir- 
loi.t pi)n*-i.” The prodmtion of this 
ai tu le is ronsider.ihh , \ hands turning 
out about fiO sacks per month. Con- 
Hgmuents are a ho made to Kngland and 
<ioi many, (iutnl. ('/iron.) 

(*J) The root of the “llriar Ivy M is 
the substance most gcneiallv used in 
America for j>ipc making, it being 
selected for the purpose on account of 
durability, hardness, and the bright 
polish which it is cajiable of taking. It 
is found thioughout the Southern States 
generally — the best qualities growing 
m Virginia— and is sent to the market, 
in large pieces which vary in size from 
that of a man's list to the dimensions of 
a good sized keg. It costs the niann- 
fa< tutor l» N/. per ton, the pi ice depend- 
ing upon the quality of the wood. 

The above information was imparted 
to us hy one of the manufacturers of 
pipes in t hi- city, while wending our 
wav from his of lice to the cellar under- 
neath the t;u lory, where the rough 
briar-mot wa« stend. As w«* euteied 
the last mentioned apartment, we 
noticed, heaped against the walls the 
odd shaped pieces (d the wood. Some 
had just been rccci \rd, for a wmkniau 
was busily engaged in throwing them 
into an o\ eii whnlo, healed by steam 
pipes, served to dry out. all sap and 
moisture the wood might contain. Ju 
the middle of the cellar a circular saw 
was iu motion, cutting the dry pieces 
into slices :*)»out - iu fthiek, w hich as 
Mi«n :» • Urn v 
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and piled in regular heap's. From this 
underground apartment, the slabs are 
sent to a drying room on one of the 
upper floors, where they are kept heated 
at a moderate temperature lor C 
months, during which time the wood 
becomes thoroughly seasoned. 

Following our guide, we next entered 
the workshop. Here the clatter of in- 
numerable wheels and the buzzing of 
saws and lathes rendered speech out of 
the question. Picking our way over 
heaps of wood and edging between 
countless belts, we were at length 
arrested before a workman who, sitting 
on a bench in which revolved a circular 
saw, had at his side a pile of the slabs 
which we had already seen cut, down in 
the cellar. Taking one piece at a time, 
he pressed it against the blade, and in a 
lew r seconds it was divided into scwral 
smaller blocks of the shape of Fig. 32G. 



The blocks vary in dimensions accord- 
ing to the size «>f pipe to be made. 
Very little of the wood is wasted, the 
odd pieces being alt worked up into 
stems or small pipes. 

The blocks as soon as cut are passed 
over to the turners. Standing beside 
one of the workmen, we watched him as 


lie placed the piece in the lathe chuck. 
A pressure of the boring tool, and the 
interior of the bowl of the pipe was 
excavated, then a- part of the exterior 
was turned ; and finally the block was 
reversed, ami, in a few revolutions, the 
end for the stem completed. The entire 
operation did not occyny more than 10 
seconds, the pipe, when thrown to one 
side, appearing as in Fig. 324. Still it 
was far from finished. It had to ho 
carve*! into shape, and, to witness the 
process, we were conducted to another 
part of the room where the filers were 
at work. Each operative had before 
him a revolving disc, one side and the 
edges of which were cut coarse or fine, 
like files. This instrument removes the 
wood in either large or small quantities 
as may he desired. If the pipe is to he 
ornamented, the finer files are used to 
cut away minute portions. The work- 
men are all well skilled, and reproduce 
apparently intricate designs with won- 
derful accuracy.' The most delicate 
work, such as faces, flowers, &t\, are cut 
by hand. 

After the carving is completed and a 
hole is drilled for the stem, the pipe is 
thoroughly sandpapered by holding it 
against a revoking wheel covered with 
that material. This done, it is passed 
to the burnisher, where a brilliant, polish 
is given to the wood by allowing it to 
rest, against a rotary disc made of layers 
of chamois leather. 

We next passed to the finishing room, 
where, seated at long tables, w*e found a 
number of workmen engaged in fasten- 
ing to the pipes the pewter Tops and 
covers, together with the small bits of 
chain and bauds which hold the stems 
and mouthpieces in plaw;. The latter 
are manufactured from the tips of horns 
which are bought from the comb makers 
for the purpose. These tips are turned 
to the shape desired, holes are drilled 
through their length, and then they are 
bent into shape by the fjetion of heat, 
and finally coloured black by a peculiar 
kind of dye. When completed, they are 
carried to the finishing room and there 
attached to the pipes. Nothing further 
remains to be done but to pack th(fi’ 
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finished pipes in boxes, label an«l mark 
them, and they arc ready for the. market. 

The factory which we have described 
manufactures over 150 gross of pipes I 
weekly. Other woods besides briar root j 
are ummI, none, however, equalling it in 
durability and beauty. Among these 
are apple, cherr^ mahogany and poplar, 
which are made into the cheaper pipes, 
which cost 5ii— 48*. per gross. The most 
expensive articles are made from the 
briar root and c rved by band, costing I 
some 48*. per do/en. (Scu nl. Ainer.') j 

Charvm d. — The use of charcoal m the 
preparation of pipe heads, a long time 
practiced, has lately experienced many 
improvements, so that now pipes are 
pi educed remarkable for a deep black, 
lustrous appearance, and ot \ cry great 
durability. The material consists of a 
mixture of 1 3 parts best charcoal black 
and 1 part best black peaty earth, 
ground so finely that, when rubbed 
between the lingers no trace of granules 
i.‘<* perceptible Two parts of this 
mixture are then united with one part 
of an equally well pulverised residuum 
of distilled cannel coal, containing still 
a portion of its bitumen, and the whole 
rubbed together thoroughly till all the 
three ingredients are uniformly com- 
bined. The mixture is then placed in 
irou boxes, iu which are sunken moulds 
corresponding to the pipe heads, and 
while the boxes are then heated to the 
boiling point of water, stamps with 
rough surfaces are forced under hy- 
draulic pressure into the openings of 
the heads, so that this process, united 
with the increased temperature, not only 
combines the carbonaceous mas* into 
Compact, pipe heads, but also produces a 
smooth extefior, and at the same time 
a rough inner surface. 

Meerschaum. — The following is a new 
process for preparing artiiieial meer- 
schaum. l'reeipitutes are prepared by 
means of a solution of soluble glass* 
(if) of silicate of magnesia, by precipi- 
tating it through a solution of sulphate 
of magnesia; (ft) of silicate of alumina, 
by precipitating through a solution of 
alum ; (c) of silicate of lime, by pre- 
cipitating through a solution of chloride 


of calcium. AH these solutions are 
diluted, 1 part salt being used for 10 
parts water. In order to precipitate the 
solutions, the operation is performed at 
-0° C., except in the case of the silicate 
of alumina, for which the solutions have 
a temperature of about 5 m° 0. (d) A 

solution of fused chloride of calcium 
(1 part to 15 of water) is precipitated 
at 15°-20 n (\ by a solution of sulphate 
of soda (1 to 15). The precipitate of 
sulphate of lime is first dried, and then 
fm*d of the larger part of the water 
that it may contain, bv com pi essing it, 
and exposing it upon hurdles ir a stove. 
Finally, it i-. totally dehydrated by 
boating it m a A*ry clean iron kettle. 
The sulphate of lime thus prepared is 
in the Ihim of a \ery fine and very 
white powder. It is carol idly pieserved 
in boxes that are kept in a perfectly dry 

place. 

Into 55 lb. of water at 4U° C. arc put 
10 lb. of precipitate d in 20 successive 
and nearly equal poitums. The mixing 
should he done with much care and with 
rapid stirring. r l here are afterwards 
added to the mixture the following 
substances, weighed in advance: 7, 1 lb. 
of precipitate «; 5^ lb. of precipitate 
/»; ft* lb. of precipitate <x All these 
precipitates should be mixed with water, 
and then the mass, which is in the form 
of a thin bonilli , is immediately intro- 
duced into a vessel through a No. 20 
brass sieve, and thence into wooden 
boxes that rc^t upon large slabs of 
pi ister covered with cauvas, and about. 
4 in. thick. In about 15-25 minutes 
the mass may be detached from the 
sides of the frame by means of a blunt 
blade of brass, and the frame may be 
removed. The mass is left upon the 
slabs id’ plaster until it is sullicienlly 
dry to be sawed into small blocks of 
various dimensions, according to re- 
quirements. Those blocks are more 
thoroughly dried ufion hurdles in a stove. 
Then they are worked w'ith a knife or 
in a lathe, and are waxed and polished 
as in the ease of objects made of genuine 
meerschaum. It slimed be remarked 
that, on introducing the hot mixture into 
the frame, care should be taken not to 
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introduce air hubbies at the same time, j 
Varying proportions of Jirecipitates o, b, 
Cj may be used. The larger the pro- ( 
portion, the harder and heavier will be 
the final mass. 

T/urajtciilir . — This improved form of 
smoking pipe is introduced to nut in*, 
piimarilvto pro\ide a means of roin- 
h.it ing the smoker's hahit, and to do 
awav with the injurious element hi it 
to wliieh it-. h.meful effects are due, hv 
ab-t i\n t iug tin* no.xmux < oust it ucnts ol 
tohauo smoke, vvhil-4 leaving tin* 
aromatic pimciplcs unailei ted, therein 
making it available for daily use hv 
delicate m invalil Mimkcrs, to whom 
total prohibition would often he little 
short of a pum-dnucnt. The Mi-callcd 
‘• smoker’s heart and < oncomit.iiil .ardnic 
troubles,” “ smoker’s amaurosis,” 
“smoker’s sore -throat,” and other 
laryngeal, pharyngeal, and na>al diseases 
exemplify this, and sut h eases may be 
permitted the use of their tohaeeo from 
this pipe at a time when possibly it mild 
not. he allowed from anv of the mdnrtry 


liicotina or nicotine, winch is a colour- 
less oil at ordinary temperature, but 
volatilises at 480° K. ; (/;) a volatile oil 
nicotianin or tobacco camphor ; (<■) 

volatile aromatic principles; (</) watery 
vapour. The actum of smoking as a 
nervous stimulant is probably not due 
to the nicotine itself, lyit. to the stimulus 
of the smoke on the sensory nerves of 
the mouth and narcs, which rcllexly 
stimulates the xaso-niotor centre, and so 
dilates the Voxels of the hi. till. Hence 
the de-xii aluiit v **t getting rid of the 
nicotine. in the •• therapeutic ” pip** 
prim ipics for n moving the nicotine are 
i airicd into practical effect. A reference 
t<* l’ig. dJowill show that tlu* pipe bv 
a modiltcatum in the boring i- divided 
into trie lliiee chamheis 11, C, and that 
occupied by tlu* fitting 1», K lieing the 
bowl fur tobacco, (' a chamber below 11, 
and oc copied l>v the “radiator” A, 
which is simply a box with a perforated 
top and bottom, and tits tightly on tin*, 
hush on the under surface of the howl 
by means of a projecting rim. Jf this 



kind-*. Secondly the pipe mav be made 
useful as a means of turning to practical 
account, and utilising the habit of 
smoking as an adjuipt to treatment by 
inhalation of volatile medicaments, so 
that the vapour of the remedy employed 
may he directed to the affected surfaces. 
Tobarro smoke is a mixture of several 
volatile ingredients, the chiif of these 
being (/ f) the volatile liquid alkaloil. 


box l»e fill-.! with anv fine powder, all 
the smoke passing thiough tin* interstices 
will come in coni act with the particles 
of powder and he robbed of its heat, 
which is carried away by radiation 
through the pipe held. 1$ the powder 
be a volatile one, this factxis aVailabh* 
for therapeutic purposes. The smoke 
next, enters the “smoke chamber’' C\ 
where it is further cooled. Thereafter 
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ir. {>:is ,cs along the tubc-like chamber 
contained in the stem, and occupied l»v ■ 
tin* accumulator *' 1», ]», which consists . 
ot a bini< lie of prepared filues about. in. | 
lone, and by flit* continuity of the fibres 
to each other ill is bundle forms a scries 
of cipillary tubes. 1 have obtained 
smoke absoliitely^Yec from acridity. I> 
is a cup for drainage. I»«»th tin* fittings 
A and I* are readily icphwcd by new 
ones when exhausted, so that a pipe 
which is always clean 1- not the least of 
tin 1 < oiisidcrntmus to be borne in mind. 
To make it elWtive as a therapeutic 
fluent, the patient should be instructed to 
< \hale flic medieated smoke through the 
imse, by which act it is carried into the 
phannx. (.'hlnri le of ammonium. 


3CS 

out. using tolcujco, perform the act of 
smoking, the current set up will carry 
t lift powder well ba<k into the fauces, 
the Miction gioatly facilit it 111*5 thh. 
(<\ \V. Jones.) 

JIuohith. — Kisjr. 020 shows hookah com • 
plete. A, a special meerschaum how 1 ; 
l>, a turned piece of wood to fit, bowl, 
and left Ion cr enough to 1*0 into cm k ; 
P, a good, sound, tight-htting cm k ; 
T, a 1 ass tube about ]-in. diameter, 
tiffed into bottom of l>, and of sin h 
a length as to be about jlV in. abmc 
bottom of water-hot tic. vase, Ac., <J; 
T, a small piece of tube ("glass) J-m. 
diametei, put through cork, and pro- 
jecting about \ in. under cork : 8, the 
•‘.-mile’ 1 or tube (rubber in. dia- 



triTmic acid, salicylic acid, benzoic acid, meter) attached to f I ; I», the nioutb- 
and sulphur, .have all yielded satisfactory jdeee. Water in boftle should always 
results, especially the first. tw r o. Another be about 8 in. below' end of tube 1 ; and 
possible yse of the pipe is that of an should be renewed frequently as it soon 
iusulllator, fof by taking out the aecu- gets discoloured. 1' iff. 8- * h a section ot 
initiator ]J, and charging either the fig- -PJO. Kijj. 828 shows j^llar l> adapted 
Radiator A, or the empty stem with the t.o an ordinary pipe, the mouthpiece 
powder to be insufllated, and then with- being unscrewed, the bowl may be 
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screwed on to face of pillar, instead of 
inserting whole stri of ^ftpe, as .sketched. 
Fig. .'>29 shows the 1 ookah, as commonly 
used in India. A, 1 unit clay howl ; 1», 
turned wooilen pillar; t 1 , coco-nut shell ; 
1$, hamhoo moutl Water, of 

ourse, below entry nee t.o mouthpiece. 
The letters refer to same parts in al 
the sketches. If the cork can he go 
sound, and of sullicicnt length, keep it 


come through tuhe in sufficient quantity, 
the top of the cork must, he varnished,’ 
or have a coat of rubber varnish. 


Taps. 

(1) A tap .simple of construction, 
and costing next to ^nothing, consists 
of a cork, having a straight, clean- 


33 t. 312. 335. 



Simple forms of taps. 


projecting above neck of bottle, as cut hole, through which is inserted 
shown by dotted line in Fig*327. If air a piece of glass tubing sealed at one 
gets into vessel, and smoke does not end, and having a small hole cut on uiioe* 
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side. The position of said hole is deter- 
mined by the length of cork used. 
Figs. 330 and 051 show this clearly, 
where the first shows ihe tap open; the 
.second shut. The manipuhitioii is done 
by pressing the tube in and out. Fig. 
i».»2 is a jar suitable for photographic 
or electric cell stock solutions. 

(2) A diflerentTorm of tap is shown 
in Fig. 333. To open and shut the latter 
form, it is only necessary to turn the 
tube on its a a is, there being a slice cut 
diagonally off one side of the cork. 
This form is specially valuable -where it 
is important that the volume of liquid 
in the containing vessel should remain 
constant — e. g., burettes (Fig. 031). 


cut with small, round file, kept. wet. 
The corks may be of cork or rubber, as 
found most suitable. (It. McLaren). 

(0) An indestructible water-tap, in- 
vented by .Sir William Thomson (Fig. 
007), is entirely of metal, no other 
material being used in its construction. 
The perishable rubber, fibre, or leather 
washer-valve employed in ordinary 
screw-down cocks is entirely dispensed 
with. The perishable packing or 
washer generally used around the 
spindle is also dispensed with. Perfect 
watertight ness is, nevertheless, ob- 
tained. The metal valve on reaching the 
seat, also of metal, is not suddenly 
arrested and compelled to seat itself hap- 



Fig. 305 is* a bandy separator (for hazard, but continues to turn upon its seat 
working with oils, &c.), made from au as the handle is turned, receiving mean- 
old olive-oil bottle, a hole being made while a gradually increasing pressure 
in the bottom for an inlet.. from a spring, centrally applied through 

In calcium chlorixle U-tul>es that, the medium of the rounded bead of a stop, 
require to be weighed accurately before The valve is thus rghbed upon its seat 
and after efneriments, the taps will he at every opening and closing, and both 
found very useful (see Fig. 030). valve and seat thereby acquire and 

It will bQ observed that the sealed maintain a perfect fit and burnish. No 
ends of the tubes are slightly inflated ; material wear is shown after the tap 
this prevents them being accidentally has been opened and clofcd hundreds of 
♦pulled right out. The hole is easily thousands of times, and experiments 
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show that even if the scat of the valve 
be purposely damaged it automatically 
rights itself. No packing is used to pre- 
vent upward leakage. All water which 
passes the screw when the tap i- open 
enters an annular space, and i- drawn off 
into the bih through the eduction tube, 
in which a run cut is induce l by the 
velocity of the water flowing through 
the bih. This device is thoroughly 
elective. The washers used in ordinary 
rooks area so urn* of constant trouble 
and expense. Numerous materials have 
been tried ; but long experience has 
shown that they d lifer only in degrees 
of badness. By Sir William Thomson** 
invention they are entire!) abandoned, 
and metal to metal is for the first 
time rendered perfectly water-tight.. 

Practical men will appreciate the* 
importance of these improvements, 
whether for cold or hot water. For 
the first time a screw-down tap lias 
been produced with no perishable parts, 
and so constructed that the wearing 
parts — that is to sav the* valve, and 
its seat — tend rather to improve than 
deteriorate by nse. These taps have 
now been under test and in use all over 
the country for more than a year with 
perfect success, and Users may therefore 
feed assured that in adopting them they 
are not running any risk or experi- 
menting with an untied invention. 

Tying and Splicing. 

Usually the size of rope is denoted 
by its circumference in inches. The 
hemp fibre from which ropes are made 
is first spun into yarn op threads, the 
longest fibre producing the best rope; 
several yarns spun together form 
strands, 3 strands form a hawser hud 
rope ; 3 hawsers or ‘J strands form a 
cable-laid rope, when twisted together. 
Shroud-byd rope has a central core sur- 
rounded by 4 strands. The hawser- laid 
rope is the one most generally used. 
The question of the strength of rope*, 
and their safe working load, under 
varying circumstances, is of great im- 
portance. A series of experiments were 
carried out in 1873 at the Royal* 


Arsenal, Woolwich, by the Inspector of 
'Machinery, the result of which showed 
that Italian hemp ropes are stronger 
than Russian in the proportion of lo<> 
to 70 niav. or IKW min. Russian 
hemp ropes are the least, rigid in the 
proportion of Italian 1 < >0 to Russian 
from 80-4 to th> • o, #hd al*n that the 
deterioration of hempen ropes, after a 
lew months wear, alllumg.li still ap- 
parent!) good, was very mark** I. With 
the best, rope after b mouths* use, the 
loss of strength was 25-aO pel* cent. 
Thu-' slooving the necessity of allowing 
a large margin of strength for safcfc) . 
Ropes shoved away in" damp places, or 
put away wet, rapidly deteriorate, so 
that rare should he taken to secs that 
tiie ropes are thoroughly dry before 
being stored, and that the store-room 
also is free from damp. If stored away 
wot, sometimes the rope is w’orm-caten 
in the centre, owing to the. development 
of a specie', of fungus, probably from 
the pa- to used. • 

The thumb knot a and figure of 8 h 
(Fig- 888) are used t.o prevent ropes 
passing through blocks or slipping. 
To make the figure of 8 knot, pass the 
end of the rope under, round, and over 
the standing part, then np through the 
bight or loop. Thereof knot c is useful 
for joining together two ropes of equal 
size. With dry rope, it is equal in 
strength to the other part. If wet, the 
knot, will g morally \slip before the rope 
breaks. 

The standing and running parts of 
each rope must pass through the loop 
in the same direction, i. c. frola above 
downwards, or vice versa. If they 
pass in the opposite direction the knot, 
is termed a granny, and cannot be un- 
done when tightened up with the same 
ease that a reef knot can. A draw reef 
knot d is made in the same manner, 
except, that a bight, is draw'll through 
instead of the rope end; it cs useful to 
cast off when in an inaccessible position. 
Single sheet bend c is used for joining 
the ends of a rope, or hanging to a 
bight.. Take a bight or double at one 
end, holding it in the left hand, and «, 
pass the end of the other rope held in 
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the right hand up through this bight, 
down on 011 c side under and up over 
the bight, nnd under its own standing 
end. The double sheet bend /, in which 
the running end is passed twice round 
the bight and under its own standing 
end each time, is used where greater 
security is required ; ;/ shows two half- 
hitches ; //, round turn and two half- 
hitches ; and i the fishermen’s bend. 
In the latter, two turns are taken round 
the spar, or other object, and the end 
is passed over the standing part, and 
through the turns next to the spar, over 
its own part then forming one hall- 
hitch, the second half-hitch being taken 
round the standing part, alone. It. is 
very useful for attaching ropes to rings 
or staples* Sometimes it is m^essary 
to shorten a length of rope quickly. 
This can be done as shown by sheep- 
shank k ; lay the rope tip in parts, and 
a hitch taken over each bight, with the 
standing and running parts respectively 
of the rope, and drawn tight. To 
secure a rope to the end of a beam or 
spar, a dove hitch l t.i n is used, made 
as follows : — Grasp the rope with the 
left hand, back down, and right hand 
back up. Ke. verse each hand so as to 
form two loops /, lay them together as 
at m y and slip the two loops so formed 
over the end of beam or spar. In case 
the loops cannot be slipped on to the 
end, pass the end over and round the 
spar, aud bring it up to the left of the 
standing part, and again round the spar, 
in the .same direction, to the right of 
the first turn, and bring the end up, 
between the spar, the last turn, and the 
standing part n. This is one of the most 
useful knots for making last to ail object; 
it is very simple, and so effective that 
generally the rope break* before slipping. 

Timber hitch o is useful for lift- 
ing timber or dragging spars. When 
properly made, it will not slip ; it is 
easily undone wh n the strain is taken 
off. Pass the end round the spar, and 
round its standing part, close to the 
spar. Then twist it two or three times 
back round itself, and draw tight. A 
hall-hitch taken with the standing part 
adds to its security. 


Bowline knot is shown in p r s . 
Holding the .standing part in the left 
hand, form a loop in the rope running 
end uppermost, loop towards the body ; 
pass the running end up through the 
loop, as shown at p, down under the 
standing part from right to left, back 
over the standing part, anil through the 
original loop; then draw taut the end 
aiul double of the loop together r. A 
running bowline s can be formed round 
a spar, and tightened at any point. To 
make it, take the coil of the rope in the 
left hand, pass the running end round 
the spar from left to right, and draw it 
back with the right hand as far as re- 
quired ; still holding the end in the 
right hand; take the standing part, in 
the same hand ; pass the left hand 
under the standing part, and with the 
finger and thumb seize the running part 
of the rope close to the spar; draw it 
underneath the standing part from 
right to left and up, and at that point 
make a bowline knot on it with the 
running end. The kuot is then ^uii 
through the loop. Its use is to form a 
loop at the end of a rope that will not 
slip, or tighten up. 

Catspaw t: 2 loops made on a rope 
in order to hang a tackle on. To make 
it form two equal bights or loops t.. 
Grasp a loop in each hand, and roll 
them on the standing part i> or 4 com- 
plete turns ; then hook into both loops 
A, Fig. IYMK This is an exceedingly 
handy method of attaching a rope to 
the block hook, owing to its simplicity, 
and the ready manner In which it can 
be eased off. 

Whipping BCD. To whijfa rope, is 
to tie a piece of small twine round the 
end, to prevent the s! rands from un- 
twining and forming loose ends. Rop«* 
intended for tackles particularly should 
be whipped before the blocks arc 
threaded. When treated in this manner 
ropes will easily pass through the block 
sheaves, thus preventing {much annoy- 
ance and waste of rope, it being quite a 
common occurrence with some work- 
men to cut a yard off the rope en^ 
because it is frayed. Take a piece ol 
fine twine, 24 ft. long in proportion 
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the size of the rope, and place it a* j 
.shown in B, one end to tho right, tho 
other to the loft, quite close to the rope. 
Wind the loop a bo tightly round the 
end of the rope /, and tho two ends 
d e of the whipping twine, a sufficient 
number of times to secure the ends (- ; 
then by drawing the two ends dc tight, 
the whipping is tightened up I). 

K represents a double Black wall 
hitch. It is u**cd for securing a tackle 
to a rope. To make it, place the rope 
near its end, against, the hook of the 
block at a, cross the rope at b , and 
again inside the hook at o'. If seized with 
a few turns of twine at d it will ho 
more secure. Tins method of attach- 
ment will in a great measure prevent 
the rope from cutting itself on the 
hook. 

Carrick bend F. Lay the end of a 
rope or chain under its own standing 
part, as shown at <i, then with another 
rope or chain c d , lay its end under 
both parts of the eye formed by a h 9 
and parallel to that part which is 
uppermost; then bring it alternately 
over and under the parts of a b and 
itself. This knot is used for fastening 
the 4 guys to a derrick. But. its 
principal use is for bending a largo rope 
to a small one. 

Brag rope knot II I K. This is a 
useful knot for attaching hand spikes to 
drag by. It may also be used as a 
ladder by securing it firmly at each 
end. 

The sheet-bend or weavers* knot A, 
Fig. 340. This knot is usually em- 
ployed by net tors, and is called by 
sailors “ the sheet bend.” It is readily 
made by beading one of* the pieces of 
cord into a loop a b, which is to be held 
between the finger and thumb of the 
left hand ; the other cord c is passed 
through the loop from the farther side, 
then round behind the two legs of the 
loop, and lastly upder itself, the loose 
end coming out at d . In the smallness 
of its size, and the firmness with which 
the various parts grip together, this 
knot surpasses every other; it can, 
moreover, be f*ed readily when one of 
the pieces a b is exceedingly short ; in 


common stout twine, less than 1 in. is 
Millieient. to form the loop. The abuve 
method of forming it is the simplest to 
describe, although not the most rapid 
in practice; as it maybe made in much 
less time by crossing the two cuds of 
cord a b in B on the tip of the fore- 
finger of the left hand, anil holding 
them firmly by the left, thumb, which 
covers the crossing; then the part c is 
to be wound round the thumb in a loop, 
as shown in the figure, and passed 
between the two ends, behind a anil 
before b ; the knot is completed by 
turning the end b downward-. in front 
of*/, passing it. through the loop c, and 
tightening the whole by pulling d . As 
formed in this mode, it is more rapidly 
made than almost any other knot ; ami, 
as before stated, it excels all in security 
and compactness; so firmly do the 
various turns giip each other that, 
alter having been tightly pulled, it. h 
very didiculL to untie ; this is the only 
drawback to its usefulness, and in this 
respect it is inferior to the reef-knot, 
which is made in precisely the same 
manner that a shoe-string is tied, only 
pulling out the ends instead of leaving 
them as hows. 

Binding knof 0 I). This knot is ex- 
ceedingly useful in connecting broken 
sticks, rods, &c., but some difficulty is 
often experienced in fastening it at the 
finish ; if, however, the string is placed 
over the part to be united, as shown in 
1), and the long end b is used to bind 
around the rod, and finally passed 
through the loop u, us shfovvn in C, it is 
readily secured by pulling (/, when the 
loop is drawn in, and fastens tlfe end of 
the cord. 

Clove hitch K F. F«r fastening a 
cord to any cylindrical object, one ot 
the most useful knots is the clove hitch, 
which, although exceedingly simple and 
most easily made, is one of the most * 
puzzling knots to the uninitiated. 
There are several modes ol forming it, 
the most simple being perhaps as fol- 
lows: — Make two loops, ’precisely 
similar in every respect, as a and b in E, 
then bring b in front of a, so as to 
make both loops correspond, and pass» 
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thorn over the object.' to be tied, f 
tightening the ends; if this is properly | 
done, the knot will not slip although 
surrounding a tolerably smooth cylin- 
drical object, as a pillar, pole, &c. 
This knot is employe l bv surgeons in 
reducing dislocations of the last joint of 
the thumb, and by sailors in great part 
of the standing rigging. The loop 
>vhit h is formed when a cable is passed 
around a post, or tree to secure a j 
vessel near shore, is fastened by \\ hat 
sailors term two halt-hitches, which is 
simply a dove hitch made by the end of 
the tope which is passed around the 
post or tree, and then made to describe 
the clove hitch around that part of 
itself which is tightly strained, as in F. 

Tying a parcel (.1 II. The tying up 
of parcels in paper is an operation 
which i> seldom neatly performed by 
persons whose occupations have not 
given them great facilities for constant 
practice. Let a single knot be made in 
the end of the cord, which is then 
passed around the box or parcel. This 
knotted end is now tied by a single 
hitch around the middle of the cord (J, 
and the whole is pulled tight. The 
cord itself is then carried at right 
angles round the end of the parcel, and 
where it crosses the tratisverse cord on 
the bottom of the box H it should, if 
the parcel is heavy and requires to be 
firmly secured, be passed over the cross 
cord, then back underneath it, and 
pulled tightly, then over itself ; lastly, 
under the cross cord, and on around the 
other end of the box. When it reaches 
the top, it must, be secured by passing 
it under that part of tko cord which 
runs lengthways in pulling it very 
tight, and fastening it by two half- 
hitches round itself. The great cause 
of parcels becoming loose is the fact of 
the cord being often fastened to one of 
the transverse p.ujfcs as h in <», instead 
of the pi»ce running lengthways, and in 
this case it invariably becomes loose. 
The description may perhaps be ren- 
dered clearer by the aid of the figures, 
which exhibit Che top and bottom of a 
box corded as described. The cords, 
however, fire shown in a loose state, to 


allow their arrangement to he perceived 
more easily. 

Short, splicing I K. There are two 
ways of making a short splice — one by 
passing the strands left-handed, the 
other by passing them right-handed. 
But. the former methyod is the more 
generally adopted, because of its neat 
appearance, llnlay the strands of each 
rope about 1 ft. or more, then crutch 
them together — that is, Jay them so 
that each strand lies in a groove of the 
rope. Afterwards pass a strand of one 
rope over a strand of the other, as 
shown in I, front view, where No. 4 is 
passed over No 1, so as to form a common 
knot. In a like manner pass No. 5 over 
No. .'I, and No. 0 over No. 2. Draw 
these strands tight, and proceed as 
follows: — Take strand No. (i, K, back 
view, aud alter reducing the yarns by 
cutting a few out of the inside, pass it 
| over No, 2; continue doing so until it. 
is worked out. it will be seen, by 
reference to K, that No. 6 is passed 
three times over No. 2, hut the third 
time it. is merely pushed through ami 
not drawn tight. Strands Nos. 4 and 
2 are in a similar position. All the 
corresponding Nos. represent the same 
strand, so No. 4 will pass over the same 
strand (No. 1) till worked out ; No. I 
over No. 4, and No. 2 over No. 6. No. f>, 
which is shown loose, passes over No. 

In passing the strands be careful to 
reduce the yarns each time after the 
first, and spread them out so that they 
will lie flat, and also sec that all the 
yarns lie parallel. 

Splicing wdre rope, L M N.— ^The in- 
creasing use of endless . wire rope for 
underground haulage, elevated wire 
ropeways, and for hoisting, gives im- 
portance to methods of splicing. 

About 84 ft. of rope is required to 
put in a good smooth long splice. 
The wire ropes employed in ropeways 
are made of 6 strands of 7 I wires each, 
and a core or heart; as frh<?rc are two 
rope ends to splice together, there will 
consequently be 12 strands to bo tucked 
in. Operators usually tie the stops that 
mark the length of rope, about where 
| the centre of the splice will be, b* 
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this case the usual way is to unlay each 
rope up to that point, and place the 
strands of rope a between the strands of 
n>pe />, the cores or hearts of the ropes 
a and b being cut off so that the cores 
of the ropes abut against each other. 
There will be then 42 ft. of strands 
each side of th^stop, as is shown m L. 

It is important that each strand 
should be in its proper place, so that 
none of them crosses other strands, or 
that two strands he not where one 
strand should bj (by placing your 
fingers between each other in natural 
position this will he understood). Then 
strand No. 1 of rope a is unlaid, and 
strand No, 1 of rope 6 fellow* close, and 
is laid snugly and tightly without kink 
or bend in its place, until within 7 ft. 
of the end ; a temporary seizing is then 
put on, securing ropes and strands at 
this point,. Strand No. 1 of rope a is 
then cut off, leaving it 7 ft. long. Then 
strand No. 2 of rope a is unlaid, and 
^trand 2 of rope b is laid in its place to 
within 21 ft. of its end. Strand No. 3 
of rope a is unlaid, and strand No. 3 of 
rope b is laid in its place to within 35 ft. 
of end. Dy this time you have reached 
within 7 ft. of the centre, and, reversing 
the operation, unlay strand No. 4 of 
rope 0, and lay in its place strand No. 
4 of rope o, to within 7 ft. of its end; 
unlay No. 5 of rope b, and lay in No. 5 
of rope < 7 , to within 21 ft. of its end ; 
finally, unlay No. 0 of rope b , and lay 
in its place No. 6 of rope a, to within 
35 ft. of its end. The strands aie now 
all laid in tfteir places and seized down 
for tlm time being, the ends are cut oil*, 
as wifli the first strand, to 7 ft. long, 
and present the appearance as in M, 

The next iteration is to tuck in the 
ends, and we will proceed to tuck m b 1. 
It. will be remembered that the ropes 
arc made of 6 strands, laid around a 
core or heart, usually of hemp, of the 
same size. Two clamps N made for 
this pnrjMgo are fastened on the rope so 
as to enaoltf the operator to untwist the 
rope sufficiently to open the. strands and 
permit the core to be taken out, which 
is cut away, leaving a space in the 
centre of the rope; the strand b X is. 


placed across a 1, and put in the centre 
of the rope tn place of the extracted 
core, forming, in fact, a new core. A 
Hat-nosed 1 -shaped needle used in 
splicing, the point of which is about 
* in. wide by * u in. thick, rounded of! 
to an edge, is well adapted to tills pur- 
pose. The strand b l is laid in its 
entire length, the core being cut off 
exactly at the extremity of strand M, 
so that when the rope is enclosed around 
the. inserted strand, the ends of the 
strand and core should abut. If there 
is much space left in the centre of the 
rope without a core, the rope is liable 
to lose its proper form, and some of the 
strands fall in, exposing the projecting 
strands to undue wear. The same 
operation is performed >vith a 1, running 
the other way of the rope, and so on, 
until all the strands are tucked in, 
which, if properly done, will leave the 
rope as true, and round and as strong as 
any other part. 

Some operators prefer to start from 
the end of one rope and consequent end 
of splice. The operation is about tint 
same, but more care lias to be used in 
bringing all the strands to an even 
tension in the parts spliced. 

The diamond hitch, Fig. 341. This is 
largely used for tying goods to be carried 
on animals’ backs. The pack saddles o 
may be of the simplest description, re- 
sembling small, light sawbueks, with 
side board* fastened under the crossed 
pieces, to come upon the animal’s back. 
In saddling, a piece of blanket is first, 
put on, then the saddle is girthed, or, 
“ cinched,” on very tightly. 

The operation of packing involves the 
use of the peculiar knot., very famous 
in its way, termed the u diamond hitch.” 
Ity its agency the packs arc fastened 
rigidly in position on the back and sides 
of the animal carrying them. After 
the animal has been saddled, the packs, 
divided into two p^en portions, are slung 
up, half on each side, by two packers. 
To the parts of the saddle corresponding 
to pommel and cnntle, short lines are 
fastened. The packers hold the packs 
up agaimit. each side oPtlic pack animal, 
and passing the ropes around the articles 
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from underneath, .and up, over, and 
across the back, tie Hits ends together so 
as to hold all in position. Any small 
articles are piled on top, and all is ready 
for the diamond hitch. 

To make this, a piece of 2 or it in. 
rope is used, about, .'!0 ft. long. One end 
is fastened to a short girth or cinch (t. 
To the other end of the cinch is secured 


13 passes over the second and under the 
tirst, lead of the rope lying across the 
packs, and as near the centre as may be. 
The state of things at this point is 
shown in a , Fig. 1341. 

The left-hand part of the half-hitch 
is passed under the cross rope by A, 
while the free end of the rope is passed 
as described by 13. b sfiows this phase 


311. 
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a large flat hook, generally made of 
wood. In the army a long leather strap, 
about 1 in. wide, is used instead of the 
rope. Throughout the whole operation 
the packers work in pairs. One stands 
on the near or left side of the animal, 
whom we shall designate as A : the 
other stands on the off or right side, and 
will be called 13. The packing rope and 
cinch arc taken by A on the near side. 
He. swings the hook end of the cinch 
across under the animal's belly to 13, 
who catches it. Then A makes a bight 
in the part of the rope near the cinch, 
and throws it over across the top of the 
pack to D, who inserts it in the hook. 
Thus two leads of the rope run over the 
top of the pack transversely. A then 
turns a half-hitch with a large loop in 
the next succeeding part of Jhe rope, 
and passes the free end to J3, This end 


of the operation. In this way two loops 
are formed, one for each side. A’s loop 
lies under the cross line, while 13*s loop 
comes outside of everything. All these 
operations are executed in a few seconds, 
no exact order being folbnved. The 
tightening process comes next,. 13 begins 
to pull the rope backward and upward, 
grasping it at /, putting his knee, or 
even foot, against the hook. for a pur- 
chase, while A takes in the slack as fast 
as given him from T3\s successive pul)*, 
grasping and pulling the rope at <j. 
When no more can be gained, .and the 
poor brute is compressed as much as 
possible, A passes the loop on his side 
tightly around and partly diAdcrneath 
his half of the pack. Then 13, gi'asping 
the rope at h % pulls diagonally backward 
and outward. This begins to “ spread 
the diamond,” He next puts his loop 
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in position, when A, Inking hold of 1 he 
free owl of the rope, pull* it. diagonally 
forward and outward, over the withers 
of the lior.se. This completes the 
spreading of the diamond, and it will 
In* at once seen that this separation of 
the two leads of the rope tightens it 
with enormous jiower. After A has 


trying to relieve himself by motion. To 
untie the hitefi, the end of the line is 
untied and cast loose, and withdrawn 
from under the cross lead of the rope. 
Then the whole being sleekened, the 
bight, is withdrawn from the hook, and 
the rope comes off without a kimt.. If 
a knot is formed, it is a sign that a 




completing all. The final result is 
shown in c. The last two pulls con- 
solidating the pack nearly double up the 
poor animal. # The cinch, often cruelly 
narrow^, is araVn up into his belly until 
the profile fieri 

body being violently squeezed upward. 
After packing, the poor beast will some- 
^ times go o|j', as it were, on tiptoes, 
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I mistake has been made in the tying. 

The tightness of the “lacing” to 
which the animals are subjected has an 
element of mercy in it, because, if the 
saddle shifts about, a sore hack in- 
evitably results. 

For roping large, irregular bundles, 
the diamond hitch is well adapted, and 
its power in such cases is surprising. A 
simple loop tied on the end of the rope 
is made to serve instead of the cinch 
; loop. (St'ient. Amcr.) 

Tackle. 

Blocks are* used lbr changing the 
direction of ropes, and gaining power at 
the eApen.sc of time. They are made 
sometimes of wood frames, with a rope 
“strop “and thimble eye. The sheaves 
are usually brass, running on a w rough t- 
iron centre pin, whj*:h passes through 
the frame and sheaves. Fig. 34 2 A shows 
n treble block, (leivrrnlly blocks are 
made with light steel or sheet-iron 
plates for the sides, strengthened l»y 
wronght-irAi links, wheft the strain is 
yiost direct. The suspending hooks are 
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connected by a strong cross bar to the 
side links, and are capable of being 
easily moved, either round their own 
axis, or through an angle of 90° on 
each side. Blocks are called single, 
double, or treble, according to the 
number of sheaves which revolve on the 
centre pin. Snatch, or leading blocks, 
are single, with an opening on one side 
to admit a rope without passing its end 
through. 

A simple “tackle ” consists of one or 
more blocks rove with a single rope or 
“ fall.” When a tackle is in use, one 
end of the fall is made la4, and the 
other is hauled upon. The iixed end is 
called the “standing” end, the other 
the “ running end.” Each part of the 
rope contained between the blocks, or 
between either extremity and a block, is 
called a return of the fall. To over- 
haul a tackle is to separate the blocks. 
This should always he done from the 
standing, and not from the movable 
block : to round in is to bring the 
blocks closer together by hauling on 
the fall. When a rope is passed 
through the sheaves of a block, it is 
bent to a curve suiting the radius of 
each sheave passed over. The sheaves 
should be exactly the same diameter in 
each pair of blocks working together. 
Owing to the stillness of the rope, and 
friction of sheaves on the pin, the 
theoretical power is considerably re- 
duced. The weight any system of 
blocks will lift is found by multiplying 
the power by the number of ropes 
attached to the movable block, includ- 
ing the standing end if fixed to it. 
For example, suppose wc have 3 sheaves 
in use in each block, thenfthe additional 
|>ower acquired would be (theoretically) 
6. The average additional power re- 
quired for each sheave to compensate 
for friction is found to be about roughly 
10 per cent. With 3 sheaves in use 
this would be 10 3, or 30 per cent. 

Therefore, to raise a weight of one ton, 
2240 

a power of ~ — + 1*3 lb. = 970 lb. 

would be required. In hauling on a 
fall, men exert a pull of about HO lb., 
or half their weight under favourable 


circumstances. In this case the least 
number of men required would be — 
970 

‘ or say 13 men. 


Therefore, in calculating the advantage 
gained by using blocks. of the weight 
to be lifted must be* added for every 
sheave in use, as shown in B. Suppo.se 
it- is required to lift a weight of 12 tons 
with a pair of treble-sheaved blocks 
threaded with a 3-in. rope, the theo- 
retical gain of power is G to 1, and the 
power required will be J of B the tot.il 
resistance to be overcome, which is com- 
pounded of W the weight to be raised, 
plus tlit: resistance arising from stillness 
of rope, and friction. Therefore wc 
ha\ e W + W for each sheave in use. 
Now l* sheaves are in use, thcrefoie, 
B = W + -«o w. 


Ii W 4- o W 
P the power = - - — . 

1 G G 

Jf 12 tons have to be lifted wc have — 


G 


A good rule f or calculating the “ safe 
working ” strength of a new rope, of 
white hemp, is to square the circum- 
ference in inches, and divide by. 8. For 
instance, the safe working strength of a 


5- in. rope would be * 




tons. As 


another example we will calculate what 
weight can be raised Ity a “ tackle ’’ 
consisting of 2 treble blocks, rove with 
a fall of G-in. rope, without fltceeding 
the working strength of the rope. 
Here we have by fornuiki 

(G ) 2 

(l/-- =4} tons 

< 

as the maximum strain on the running 
end of the “ fall.” Then P = 4J tons, 
and G P = B =r 27 tons, ^s the theo- 
retical weight. For each* sheave in use 
we must deduct of 27, or 2 fri’ 
friction. Then as we have 6 sheaves m 
use, 6 X = 1(5 A, as the total # 
amount to be deducted from the theo- 
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retical gain, leaving as the actual power 
127 - 10 » 0 - or 10 /*, tons. 

The following table gives the observed 
ratio of useful to theoretical work done 
in dill'emit tackles with white rope fall, 
viz. : — 


Theoretical 
pow’er of 
fcu kle. 

• 

Percentage of 
useful work. 

Value of P. 

Single. 

00 per cent. 

1 • 1 w 

2:1 

»!•(> „ 

0*G2w 

:i : 1 

! 75 0 „ 

0*4ow 

4: 1 

| CK-0 „ 

(K!7w t 

5: 1 

! «i-r. „ 

o-;«w 

(i: 1 

I 59 ‘0 „ 

0'2Sw 


If anything, the tabic gives a higher 
efficiency than would be obtained in 
ordinary use. It is highly necessary to 
keep blocks in good order, to see that all 
the parts are sound, that the sheaves 
;noe quite free on the pin and properly 
lubricated. Tunc spent in attending to 
these important details is well spent, as 
the friction ou badly lubricated sheaves 
reduces their efficiency very much. 
Sometimes in using blocks it is found 
that they twist, and cause the rope to 
ride against itself; new rope especially. 
To prevent this twisting, a bar is some- 
times placed through a part of the 
blocks, or at right angles to the 
“ returns ” close to the block. One of 
the best plans is to lash a handspike 
across the bl^ck ; a light line may be 
lashed to each end and act as guys. 
This twisting of the tackles during use 
is a constant source of annoyance and 
waste of powjjr often at a time when 
the power is wanted. 

It has been found by experiment, that 
if the blocks are allowed to twist one 
complete turn, the power required to 
overcome friction will be increased 40 
per cent. 

New rqpog are bad to deal with at 
first, owing to their tendency to twist, 
or, perhaps* we should say, untwist, or 
unlay. It is difficult to uncoil a coil of 
rope without getting it full of “ kinks.” 
When practicable, the coil of rope 


should be placed on a roller, and the 
end walked away with. Hopes intended 
for reeving “tackles” should be well 
stretched first. In order to do this, lay 
the rope out to its full length ; connect 
one cud to the barrel of a winch, and 
the other end to a holdfast, with a 
swivel-eye to admit of the rope unlay- 
ing itself. As the winch is worked and 
the r«ipe made taut, it will begin to 
unlay; continue the strain up to the 
“working strength” of the rope, 
according to the following table of 
“working strengths,” when it may he 
loft taut for an hour, and then reeved. 

Taiwx or Hawser Laid Curdaoe. 

Circumference. , Safe working load in tons. 

iu. 1 New. j Worn. 

■» ! 2 ? 


1 


Hopes used with a thimble eye are safer 
than when ropes are slung over hooks, 
or fastened by knots. The hook of a 
block will soon destroy a rope under 
great pressure. It is true economy to 
use eyes where possible and convenient. 
In addition to the “knots” given under 
“ Tying and fjplicing,” p. 1108, the follow- 
ing will be found useful in connection 
with blocks. C show's a “selva gee” 
formed of returns of spun yarn in a 
circle hound together. They are used 
principally for attaching the hook of a 
tackle, the “selvagee” being passed 
round the object rfhd hooked into the 
tackle. To make a “selvagee,” place 
two pins at a distance from each other, 
equal to the intended length of the 
“ selvagee : ” wind returns of spun yarn 
round the pickets until the “selva- 
gee ” is thick enough ; then bind them 



380 


TACKLK. — VKLOCU'EDKS. 


t ogether by lmlt -bitches, jvith the run- 
ning ewl at a distance of 1J in. apart. 

1) show's the application to a rope. 
Lay the middle part of the ‘‘sclvagce 99 
over the rope, then bring both bight* 
under and around the rope in opposite 
direction*, until the bights are iIom*, 
then place tlie hook in both bights. 

K shows a double bend, useful for 
bending a small rope on to a larger 
one; it will be noticed that the smaller 
rope is passed twice round the larger 
one. In F the bend is drawn taut. 

(} shows a block hook, with a few 
turns < if spun yarn taken round in 
order to prevent its < tearing itself when 
hooked to anything, and is termed 
“ mousing ” a hook. 

II is a fishermen’s bend. Two com- 
plete turns are taken round the ring, or 
other object, through the two turns 
next to the ring, over its own standing 
part, thus forming one half-hitch ; the 
second hall-hitch is taken round the 
standing part alone. 

1 is a rolling bend. To make it, take 
a half-hitch with the running end 
round the standing part, lash them 
together just beyond tin- hitch, and size 
the end to the standing part ; each part 
is exactly alike. It is sometimes called 
a “ hawser bend." 

Velocipedes. 

7'c/xiirs. — Bent Handle Bar. — This is 
one of the most common accidents which 
happens to a bicyclist, and is also one 
of the most easily remedied. If the 
handle bar is badly bent, turn the 
machine upside down, so that it. rests 
on the saddle and centre-fan head, get. 
something to fasten the straight end of 
the handle bar tiimly to the floor, then 
take hold of' the pedal, and standing 
with one foot on the bent end, press it. 
gradually down until it is straight. 

Bent Crank. — Another of the many 
troubles of a touring cyclist, who if he 
is in a lonely park of the country and 
has a spill, linds on picking his machine 
up that the crank' has bent sufficiently 
to stop the frint wheel faun going 
round. The best way to remedy this is 


to lean the machine against a xvall or 
post xvith the bent crank inside, i. e. 
between the wall and the wheel ; then 
turn >the wheel until the crank is at 
the highest point, and, standing on the 
pedal, push it slowly down so that yon 
do not bend the pedal pin instead of the 
crank. « 

Buckled Wheel. — (a) This is what, is 
known amongst, mechanics as a burst 
xv heel. Most, bicycle wheels will, if 
properly managed, spring back when 
pulled; this, however, is beyond the 
power of one alone, and is mo^t easily 
accomplished by about four sitting on 
the ground with the wheel laid flat 
between them, and, taking hold round 
the rim, pulling steadily until the, 
wheel springs, when in most cases it 
may be ridden many miles without any 
further bother. 

(h) In most, cases, if a buckled wheel 
is taken by two persons and twisted 
I back, it. will jump into its former posi- 
I t ion, and is often little the worse; if, 
i bowexer, it wobbles badly when being 
j turned, it may be put right, by slacken- 
ing all the spokes, straightening the 
j bent ones; then, easting the eye along 
one side of the wheel rim, the bends 
will be easilv seen. These may be 
pressed straight over a block of w r ood 
on the floor or bench. When the riin is 
thus made straight, tighten up the 
spokes and true the wheel by measuring 
from hub to rim with a lath of wood, 
placing it close alongside of each spoke. 
All this may be done by an amateur 
without removing the tyre, and need 
cost linn nothing. 

Bent Backbone. — Although cyclists 
sometimes have the misfortune to come 
a eropper, which is so violent as to bend 
the backbone until it overlaps the front 
I wheel, yet it, is by no means so common 
| an occurrence as the accidents before 
mentioned ; however, it is as well to 
know what to do in the worst, cases as 
in the more trivial ones, {kyne times a 
backbone is so far bout ak to jnake it 
practically impossible for anyone but a 
skilled workman to bend it back to its 
proper shape; hut there are many in- 
J stances wheiij xvith a little perseverance 
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find a good deal of physical strength, 
one may so straighten it that it can he 
ridden without fear of further mischief. 
To straighten one then, take the back- 
bone out of the head and put it (the 
head) under a heavy weight, or if you 
have a companion get him to stand on 
it, then put a sjone or a block of wood 
under the place where it i> bent and 
press down slowly, because if you jerk 
it. you will most likely snap the hack- 
hone, which would leave you in a noise 
plight than before. 

Ult'riric Li']ht far . — 1 have fitted to 
my 52 in. *• Express” an adaptation 
of (ilafsrorp , » light — the motor being 
an ordinary magneto-electric machine, 
worked by the hind wheel, and aided 
by a small pocket battery. The only 
drawback 1 find is that when tin* 
m;u him* is at rest the light is ex- 
tinguish'd. This is, however, obviated 
in a measure by the use of the pocket 
battery. The carbons are fed by a ti.mi 
of wheels actuated by the front w heel, 
tile cons ti m ption being about 1 in. per 
hour. The apparatus altogether does 
not take up more room than an oidin.iiy 
vali.se, and the light, to sav the least, 
is very steady, gix iug about 120 caudles, 
as shown by a photometer. The mag- 
neto-electric machine is of the ordinal y 
type, having a rotatory magnet, and vv as 
purchased for the purpose for 17s. th/. 
(second-hand). Altogether the appa- 
ratus cost about. 5/., and gives me every 
possible satisfaction, as with its assist- 
ance I can sec clearly 200 yd. ahead on 
a dark nights (J. T.) 

liEPAHUNG Books. 

Bookbinding has been already de- 
scribed in vol. iv. pp. 228-207. 

Cloth-bound books, that is, books 
which have been sent out by the pub- 
lisher in cloth cases, by reason of the 
demand for cheap hooks, are, at the best, 
hut very imperfectly bound ; and, as a 
consequen€e,Wter the first reading they 
require “to be repaired — in many cases, 
if the book is worth it, re-hound. This 
is not the fault of the publisher’s 
binder; he must do ihem cheaply 


because the public demand a cheap 
book. 

These books, during the process of 
binding, pass through from 10 to 20 
different operations, and the price which 
the binder gets for his lomplctc woik 
would hardly cover the cost of sewing 
in other < ircumstaiices ; and yet every 
dodge, is tried to make them as strong 
as possible, and to wear well in the 
hands of the public. 

Whenever they begin to show signs 
of getting loose, or if a b-af or a section 
comes away, the Inst plan is to take 
them to pieces and ro-sevv them and put 
them into the case. We call t ms “re 
casing,'’ and if done propci ly the hook 
will last very much longer than it 
would have done in the original bind- 
ing. To do this successfully, proceed 
in the following manner: — Open both 
hoards hack until they touch each other, 
allowing the hook to stand upon one 
end, as show u at Fig. 114. J ; insert a sharp 
knife at the hack between the case and 
the laud;, and cut c.irvlully down one 
side through the lining (and tapes or 
colds, if any), t lien down the other side ; 
this will separate tin* hook from the 
case. The case may now be laid aside, 
and the book taken to pieces. Begin 
by laying the hook upon the bench with 
the fiont up. The hack will thus he at 
the left-hand. Lift the half of the end- 
paper w hu h still adheres to the book, 
and gently but firmly remove it, laying 
it over to the left-hand, with the face 
down. Do not throw it away ; in the 
meantime it will keep the title-page 
clean. Now turn over leaf by leaf until 
you come to a signature : this is a letter 
or a numbei f at. the bottom right-hand 
page of every section. The first which 
you will come to is likely t.o ho 15 or 2, 
and this is likely on page 17. When 
you have found this, give it. a gentle 
pull, first from the head, then from the 
tail ; this will expose the thread with 
which the hook has been sewn ; cut this 
thread all the way down with a knife, 
and so separate the sheet from the rest 
of the book. Now open this sheet at 
the centra, and remoPe the threads 
which will be found; then scrape off 
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the glue from the back of the sheet, and Dog-ears can be taken out of the 
lay it down upon the ■ond-paper face leaves of a book l>y damping them 
down at the left-hand. Go through the slightly with the tongue, as the most 
book in the same way, looking always ready means, and pinching them across 
for the signatures, which will follow the corner with the finger and thumb, 
in alphabetical or numerical order. If When the book has been all taken 
divided at any other place the sheet down, the joint is hammered out of it 
will be torn, which should be carefully — i.e. you will find some of the sections 


343 . 
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avoided. It may, however, happen that j bent at the back, hammer these flat, 
a sheet has been torn even before the When this is done, it is knocked up 
u taking-down 99 was commenced; in that straight and sawn in for three bands, 
case , 11 tip ” the loaf or leaves with paste, and sewn as already directed. The case 
and lay it carefully along the back of should now be cleaned inside, all the old 
the other part of the section. Leaves lining should be stripped otT, the back 
thus pasted do not open up to the back strengthened by putting a strip of 
like the other leaves of the book, and strong brown paper upon it. The book 
this may be an objection to some people, j is end-papered, lined, and put into the 
A narrow strip of tissue-paper will join ‘ case ; the directions for which have 
two leaves together nicely ; they can already been given, 
then be placed in the book, and will If a cloth case is torn at the joint, cb- 
open up as well as any other leaf. If not attempt to mend it by seuing it , or 
a leaf is torn across the page, take a even gluing a piece of cloth on the out- 
little paste upon the finger and paste side of the cover. Take it off the book, 
the edges of the torn part? place a strip and insert a flat knife along the broken 
of tissue along the tear, both sides, and part -to raise the cloth fwmi the board; 
leave it to dry. It can then be torn cut a strip of binders' cloth as near the 
away, and in doing so the tissue will colour of the case as possible. Glue it, 
skin or split, and leave sufficient stick- and slip it in below the part you have 
ing along where it was pasted to raised, glued side to the board, of course; 
thoroughly mend f the tear. Music is allow it to be broad enough to come into 
mended in this way, but it will be best the back about half-way, rub it down 
to pttste the tissin all over, and leave well. Now glue the part which was 
it upon the leaf ; the heavy printing of raised off the cover with the finger, and 
the music shows through well enough lay it down neatly upon the new piece, 
to be read, and*‘the mend is foardly seen The dotted lines in Fig. 343 will show 
at all. the position of the patch, which must 
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bo between the board and the cover. A 
corner may be pate, bed in the same way 
by lifting the cover and slipping the 
patch under. If patches of cloth are 
put on the top of the cover, they will 
peel off in no time, and will require con- 
tinual sticking down. 

(Both cases which have become faded 
or spotted by ram or otherwise, may be 
freshened up by washing with diluted 
glair, about half ami half glair and 
water. A large sponge should be used, 
and the gilded parts avoided as well as 
possible. The glair dims the gold. 
After the book has become thoroughly 
dry, it should be rubbed lightly all over 
with a piece of pure rubber (not the 
vulcanised stuff that is used for cleaning 
paper); this will take away remaining 
dirt, and brighten up the gold a little. 

Leather-bound books are treated much 
the same. It will, however, seldom be 
necessary to re-sew these, because they 
will have been sewn much stronger than 
cloth books. If the board i^. torn away 
at the joint, beat it exactly as directed 
for the cloth book : Take away the case 
and patch it with a piece of leather »ame 
colour as the original cover, putting it 
between the cover and the board; if 
both boards arc torn, remove them and 
the old back as carefully ns possible; 
raise up the leather along the back of 
the old boards, put on a new piece 
(bringing it over on both side*), turn it. 
in, and lay down the old cover upon 
the top, pasting it well, and, when 
thoroughly dry, paste on the old back 
upon the new one. The book will also 
require new end papers. These can be 
put infrom the*directions already given. 
Instead of washing leather covers with 
glair, use paete-wator. When dry, a 
coat of thin shellac varnish will improve 
the appearance. 

It is, unfortunately, impossible to re- 
gild them uuless they are taken to tlic 
original binder, who alone has the neces- 
sary tools. New lettering-pieces, how- 
ever, map Mb made at any binder’s, the 
cost of which would only be a few 
pence, and *put on over the old one, or 
the old one may be removed entirely 
nnd the new me put in it« place." 


Photographic albums are a source of 
much trouble.' The cheaper sorts are 
after a few weeks’ usage very much 
dilapidated, and although we may feel 
proud of our collection of photographs, 
vet we feel ashamed of our album, ami 
fail to bring it out when our friends call 
upon us, and Dins deprive them of a 
pleasure and ourselves of a means of 
entertaining them. 

Albums limy, however, be patched 
and mended to look as good as new, and 
may even be made stronger than they 
were at first. The point of weakness in 
albums is the joints. Each leaf lias, or 
should have, a joint. In the better 
kinds these joints are made of cloth or 
leather. You will observe that these 
joints are placed underneath the paper 
forming the leaves. When patching a 
leaf, remove tin* paper carefully, or 
rather raise it from the joint, take out 
the old one and put in the new T one, 
whether it is leather or cloth, and paste 
the paper down again. Go over every 
leaf carefully, and put in new joints 
where required. Take the album out 
of the ease. This is easily done, as the 
end paper is thick, and only sticking to 
the board at the edges. 

If there has been a lining on the 
bark, take it- off, and straighten every 
leaf. You will find them shift about 
in all ways if moved by the fingers. 
Glue the bark well with good strong 
glue, not too lhiek, and cut a piece of 
strong linen the length of the back and 
about 2 in. broader; glue this and put 
it. on the buck, allowing 1 in. to come 
oil each side. Take care to make this 
stick well to the bark by rubbing it 
closely with -a folder or the handle of n 
tooth-brush. Strengthen the back of 
the case by gluing a strip of brown 
paper inside. Place the album in the 
case again, glue the end-papers, and put 
it in the press. Leave the back open, 
for if glued to the album it will not 
open freely, and tSc leaves will stand 
up instead of lying fhit. ♦ 

The leaves are often slit where the 
cards are put in. These cap be mended 
as the leqves of a boj>k are mended; 
description already given. (Aty/. Mcch t 
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Netting. 

(1) The tools employed in netting are 
exceedingly .simple, and can, in case of 
necessity, he made by any person with 
the aid of an ordinary pocket-knife and 
some pieces of hard wood. The most, 
important are the needles on which the 
string to be employed is wound, and the 
mesh pegs or spools on which the net- 
ting is worked. 

Meddles are of two kinds ; those made 
alike at both ends, with comerging 
prongs, between which the twine is j 
passed (cx Fig. 'Wd), and tho.se made w ith 
an eye and tongue at one end and an 
open fork at the other (h *:*{). On tlic-.e 
the twine i.s wound hy fastening it to the 
tongue, then carrying it down one si h* 
to tin* prongs of the fork and bringing 
up the other; them hitching it over the 
tongue and carrying it down to the fork 
again, on the same side as that it was 
brought up, and so repeating the opera- 
tion until the needle has siillu lent t w iue 
wound upon it. The needles nude with 
eyes will be found superior to those alike 
at botli ends, as they are not liable to 
be caught in the net whilst working. 
They are made of various sizes, accord- 
ing to the stoutness of the cord they 
have to carry, and are modified, so as 
to fit them for various uses. Sometimes 
t lie eye and tongue are made very long, 
as in (>, which is a reduced representation 
of a needle used by the Hull lietters, its 
advantage being that it curries a large 
amount of twine, the hitches of which 
pass round the sides of the long tongue 
without making a sudden swelling, 
which is very inconvenientHo the netter, 
as it prevents the needle being passed 
rapidly through the meshes. 

In case needles of the ordinary kind 
cannot be readily obtained, substitutes 
may be extemporised out of two pieces 
of wire bent as ii^ c, the wires being 
soldered, or, in case of necessity, even 
tied tightly together. 

Short needles, about 4 in. long, are 
required in mending nets. That repre- 
sented in d is af» exceedingly«convenicnt 
form; being thinner at the point, and. 


carrying the string sunk in the broad 
grooves on the sides, it pusses through 
the meshes with great facility, a point 
of much importance in mending damaged 
nets. Netting needles can be purchased 
of any required size at most cordage 
warehouses, and they are readily made 
from thin pieces of h^vd wood, such as 
box, oak, ash, &e., by the aid of a com- 
mon fret saw and a half-round file, 

Me«.h pegs or spools, oil which the 
netting is worked, are best made of very 
hard wood, such as box for the smaller, 
and oak or beech, &o., for those of larger 
size. A coiisidei able number are required 
if various nets are being made, as the 
size of the openings in, or mealies of, 
the net depends entirely on the size ot 
the mesh peg employed. Cylindrical or 
round mesh pegs, which are sometimes 
used, are much less convenient than such 
as arc flat. The edges of flat spools 
should he quite straight; otherwise the 
meshes of the net will he of unequal 
size ; and they should he very smooth, 
so that the loops will slip otf rapidly 
when desired. 

Mesh pegs of the form shown in c are 
used by the Hrimshy netters for the sea 
fisheries. They are all 4 in, long, and 
usually made in sets of 5, the number 
being shown by the shallow lodes at one 
end of each peg. No. 1 is 1!* in. wide 
hy 1 in. thick ; No. *2, 1} in. hy } in. ; 
No. in. by J in.; No. 4 (shown 

in the figure), 1 •' in. by j in.; No. . r », 
lj in. by J in. They have each a hole 
bored through the short diameter for 
the purpose of stringing fhem together. 

When large meshes are req^jred, as 
in walling for trammel!?, the mesh peg 
would be too broad to be held by the 
thumb and forefinger, inP which case it 
should be made as in /, the hollow part 
passing between the thumb and bottom 
joint of the forefinger of the left hand. 
These mesh pegs can be made of any 
desired width ; but when very wide they 
should be made very short, never 
exceeding a few in. long. • * 

It is a very common error, to call mesh 
pegs or spools by the name of meshes, 
and a. great amount of confusion results 
from using one word to signify two 
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things. By the Yarmouth net, tors a diamond or square shaped ; each mesh, 
mesh peg is .sometimes termed a “shale,” except those at the sides of the net. has 
and by some writers it is spoken of as a four .sides and four knots, one at each 
mesh pin, or mesh stick. corner. The mo-hes aie formed by net- 

3 ( 4 . 
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with the halves of tvo loops in tlie j 
previous row, constitutes a complete 
mesh. Thus in A Fig. 345, n be are the 
last loops formed, rf is one being made 
(the needle and mesh peg are nut shown 
tor the sake of dearness), c is a loop in 
the row previously made, which would ! 
form part of the next mesh to be made. 1 
if the netting were continued. j 

The string or cord on which the net- 
ting is commenced is usually termed the 
foundation. It is shown in f. j 

The Knot employed in making nets is ! 
that which is known as the “weavers’ , 
knot” or the 44 bend knot.”; it is used 
not only to join together the ends of the 1 
cords of which nets are made, but is tie* 
moans by which the loops forming the 
meshes are fastened together, even knot 
in a net being a weaver** or bend knot. \ 
As the mode of making this knot with 
rapidity is not very generally under- 
stood, and as the knowledge of its ! 
arrangement is of essential importance 
to the netter, it is necessary to explain ' 
:ts formation at some length. The ! 
simplest mode of making a heiul knot is I 
as follows: lieml a piece of twine into a j 
lo ip r ( { Fig. 3 15 It ; pass the second piece 
of cord through the loop from the 
farther side; then carry it round behind 
the two cords of the loop, bring it 
forward and pass the end under itself, 
bringing it out at a; pull the end h i 
tight, and the bend knot is completed. I 
When OIK* of the ends of twine is very ! 
short (as is usually the case in net 1 
mending) it can be made into a loop, ! 
erf, and another piece of twine can be ' 
securely tied to it, even if the loop is : 
only 1 in. long. On looking at the knot, 1 
it. will be seen that it can be securely ; 
tightened by pulling t lie end 6, whitii ‘ 
bites the end a securely ; whereas if a | 
is pulled it slips under b without biting. 

The above explanation show's the 
formation of the knot as it is used when 
stout cords or ropes are united by its 
means; but when it is employed to join 
threads or string, as in weaving or 
netting, a much more expeditious mode 
of making the knot is employed. The 
ends of the two cords to *be united are 
crossed on the end of the forefinger • of 


the left hand, the cord a b Fig. 345 C, 
being first placed on the finger, and the 
other cord c d put across it. The left 
thumb, the position of which is shown 
by the dotted line, is then placed over 
the crossed cords. The cord b is then 
to be wound round (over the thumb) m 
a circle and passed^ 'between tins twn 
end-., behind a and before c, as shown m 
Fig. 345 lb The knot is completed by 
turning the end c dow nwards, passing it 
through the loop at c, securing it. undei 
tin* lift thumb and pulling /», when the 
knot is formed ns shown in Fig. 345 K. 
It i-. also lepresonted in Fig. 345 lb but, 
turud over to slmw the other side, the 
letter** of reference being the same in 
both figures. Facility in making this 
knot mu*t be acquired, as its use i*. 
indispensable to the netter. 

A knot which will be found of great 
use in shortening or lengthening the 
cords employed in stretching out the 
different parts of a net whilst it is being 
mended is shown in Fig. 345 F. AJoop 
of cord a is formed into an eye ; through 
this the two ends of the same, or of 
a second, cord are passed and twisted, 
as shown at h\ this seizures the cuds, 
and prevents them slipping bac k through 
the eye. r ihe great advantage of thi - 
knot is tliaf, w hen it is w ished to shorten 
the cord, the eve is pushed further back, 
and the twi*t or half-bend pulled tight 
down to it. On the other hand, when 
it i*. requisite to lengthen the cord, the 
reverse proceeding is had recourse t<>. 

It is not generally known that there 
are two peifectly distinct modes of 
netting; one of these, which^s adapted 
for making small uteshes, is the onlv 
one usually recognised ; the other i* 
employed for strong 'work and coarse 
meshes. The former is called the under 
edge, or little finger knot, or, in general 
parlance, simply “netting.” j 

To commence a net, tic together the 
tw’o ends of the cord forming the foun- 
dation (/ Fig. 346 Gj,, ^nd secure it 
firmly in any convenient manner, as by 
passing it under the foot, letting the 
part to which the netting is to be 
attached reach 3-4 in. above the knee 
when the netter is seated. In making 
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large nets, which are m>st rapidly exe- 
cuted if the ncttcr works standing, the 
foundation should he fastened to a hook, 
or rod in a wall, placed as high as the 
face of the netter; it then not only 
hears the weight of the net, hut also 
supports the left hand, which holds the 
mesh peg. Tie the loose end of the 
string with which the net is to he 
made, which has been previously wound 
on the needle, to the foundation, ns show n 
at d. Tin* me*di peg s is held he tween 
the thumb and forefinger of the left 
hand, and the knot d is pulled up close 
to its edge. The needle carrying the 
stiing is brought hack over the mesh 
peg, then forwards underneath it, the 
string being caught by the third linger 
r, which should he kept well away from 
the mesh peg as shown in the figure; 
it is then carried forwanl-* under the 
mesh peg and then to the left, being 
caught by the thumb as shown at t. 
The loose string is then throw'll forward 
on the foundation, and the needle, having 
been brought backwards, is again passed 
forwards through toe loop of curl that 
is hitched on the third huger, then 
under the mesh peg, and lastly through 
the foundation; this is the position re- 
presented in Fig. 346 f 5. The right hand 
is now shifted from the hack part of the 
needle to the front end, and it is pullel 
forwards from under the mesh peg and 
through the foundation. by this action 
the loose cord is drawn tight round tin* 
little finger, and the knot is completed, 
hut requires tightening. This is done 
by first loosening the cord under the 
thumb, then allowing it to slip oil* the 
th ini finger; all the slack cord is then 
pulled up by the right hand, and when 
the knot which is thus formed is pulled 
close to the mesh peg (against which it 
is hell by the forefinger), the loop is 
allowed to slip olf the little finger at t , 
and the string is pulled tight, thus 
completing the kifht and netting a single 
loop on to the foundation, in describing 
these movements it is necessary to 
mention them as if they w'ere perfectly 
distinct froin one another, but in the 
actual practice of an expei<; ncttcr there 
is no Tiause between them, and they 


follow’ each other so rapidly as to st em 
one continued movement.. 

In Fig. 346 G 9 the thumb and foie* 
finger are show'll away from the knot in 
order that it may be seen, but quick 
workers hold the end of the thumb and 
tip of the forefinger together, and tin* 
second finger holds #’Uie knot as it is 
tightened. 

The loop first netted is allowed to 
remain on the mesh peg, and a second, 
which is a repetition of the first, is then 
made, and as many more as may he 
required to complete the first row. 
Wiien these loops are too numerous to 
he conveniently held, they are pushed 
off the left end of the mesh peg. Tin* 
loops in the first row netted do not form 
complete ine**he«, hut. when the mesh 
peg i'. w ithdrawn appear as in Fig. 34U 
II, w hich shows a foundation w'ith three 
loops netted on it. ami a fourth not 
tightened up. If the foundation m 
pulled out before a second row of loops 
is netted, the knots become loose, amd 
the string lengthens into a straight 
cord. 

When the required number of loops 
has been made, the mesh peg is pulle l 
out and the foundation and the row oi 
loops are turned over, so as to bring the 
under side on top and the right hand 
end to the left. The netting is then 
recommenced in the same manner, with 
this difference, that, instead of passing 
the needle through the foundation, it is 
passed through the loops of the row' first 
made: these being takeq up in succession 
one after another. The mode in which 
a loop is taken up is show'll in lyig. "*40 ^ 
where two loops of aS’ou r are shown on 
the mesh peg and a third in the process 
of formation (to avoid confusion, the 
other parts of the net are not show'n). 

Netting on to a row of loops is done 
with much greater facility than netting „ 
on a foundation cord, and should he 
practised by the learner in the first, 
instance, if he can obtain a teacher t«> 
net a few rows for him to hog in upon; 
the first loop on a foundation is more 
troublesome than those following, as the 
foundation cord is not kept close up to 
the mesh peg. 
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In looking at the loops made in net- 
ting, it will be found that they are 
united by weavers’ or bend knots, as 
shown in Fig. .'>!(> K, the bend being 
formed by the loop that is taken np, and 
the cord b being that attached to t lie 
needle. It follows that if 6 is pulled tight, 
it bites securely upon a, and renders 
the knot firm and diilieult. to unpick. 

In 1815 Every described a different 
method of holding the mesh peg, which 
lie terms the spool, by which ho claimed 
to gam a considerable increase in speed, 
lie says there is nothing which tends so 
much to swiftness in netting as a proper 
and iou.se or oa-v way of holding the 
mesh peg; this will he h°st understood 
by an examination of Fig. 547 L, which 
gives the true position of the fingers at 
the commencement of the htiteli : it is a 
method not generally known, hut by far 
the bc'ot, giving such perfect freedom to 
the hand, and so open a space for the 
needle to pass through. 

1 1. is convenient to hold the me-di peg 
at an angle of forty-five degree**; indeed, 
that is the natural position when the 
finger* are properly placed. It will he 
evident, upon an inspect ion of the figure, 
that the thumb and first finger hold the 
me.'di peg, leaving the three remaining 
finger* perfectly at liberty to stretch 
out and hold up the next mesh or loop 
to be taken, besides drawing back to 
free themselves from the string, at the 
proper moment, during the operation of 
forming the knot. 

Speed has been increased 500 400 
knots per hour by adopting this method 
of holding the mesh peg. In netting 
with fine string upon a peg about 1 in. 
wide, which is the most favourable .size 
for speed, one can average about 1500 
knots per hour: the greatest number 
that can be effected in the above time 
being 1750, all circumstances of course 
favourable. 

In the common method of holding the 
mesh peg, it is inconvenient to pass the 
needle between the mesh peg and fore- 
finger, where there cannot be any oppu 
space to adlnit of the needle being thrown 
through, as it* should be; Pin addition 
to this, there is another disadvantage, 


namely, the cramped state of the other 
fingers, which cannot free themselves 
propei lv from the string at the time 
when it is being drawn up for the knot. 

As to the method of making the knot : 
The mesh peg being in its place, with 
the forefinger turned behind it, undei 
the netting, and the i^cdlc in the right 
hand, with the string stretched out, the 
first part of the operation is to pass the 
needle round the end of the mesh peg 
to the right, laying the string over the 
second and third fingers, then taking it 
forward and catching it under the end 
of the thumb, where it is held whilst 
the needle passes back again, throwing 
the string forward on the net already 
made, at v'hbh instant the left hand 
should be turned nith the knuckles down - 
uards, and the two fingers haring string 
upon them should be stretched foruard 
under the mesh about to l>e taken ; in this 
position there is an open passage for the 
needle, which lias passed round, and is 
thrown through, being caught on 4 he 
other side; as it passes through, the 
string gets on the little finger, and the 
other two may be withdrawn at once ; 
therefore, on the needle being snatched 
back, one pull ties the knot, without 
any sawing or trouble, which always 
occurs to some extent in the. common 
method. The movement, here described 
cannot b*» properly effected unless the 
netting is laid over a table, or something 
by which it is held up on a level with 
the hard, a position much more favour- 
able for speed than wlieu the net hangs 
down. 

llcid says that E very’s me^iod is a 
well-known mode of folding the peg, 
and one which comes quite naturally to 
learners, but in the fii^st lessons to his 
workers it is especially avoided, as it is 
considered the very w orst form of hold- 
ing the mesh peg. The importance <d’ 
this to a worker is very great, as, should 
the habit be contracted, the value of the 
W’ork would be diminished 50 per cent., 
both in speed and quality of* work, and 
any worker would be discharged if found 
using her tools in this manner. 

In- a correspondence which took pl» re 
in The Field some years since, K. Allies 
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stated that, with an inch spool ami 
patent thread, a quick Aettcr ought to 
more than double the rate of speed 
claimed by Every, and net at the rate 
of ,'iOoO loops ]>er hour. (T.) 

(2) The instruments for netting con- 
sist of a needle a, and a mesh b (Fig. 
•■40 M). From 8 in. to 10 in. is a good 
length for the needle, while the mesh 
stick must vary according to size of net. 

A mesh stick will make a mesh twice 
its own size. Thus, a stick J in. square 
will make a 1 in. mesh. To till the 
needle, pass the stiing around the tine, 
or inside point, round the heel of the 
needle, then up round t he tine again, 
until the needle is full. Fasten the end j 
of the string to a hook and tie a loop in 
it X. Lay the mesh stick underneath the 
striug, and pass the needle up through 
the loop 0 (d4d). Pull it tight., so 
that the end of the loop rests against the 
medi stick P(.‘U7). Now comes the im- 
portant part — the formation of the knot. 
Hold the mesh stick iu your left haul 
with the thumb on the string, and with 
the needle in the light hand ; now with 
a quiok jerk throw the bight or loop of 
the string over the. stick ami left wrist, 
as sho^ n in It. Push the point of the 
needle up between the first loop made 
and the string to the left of it, pull the 
needle through, and bring the knot into 
shape S, then tighten by pulling the 
needle in the direction of the dotted 
lines, and the kuot is tied. This simple 
knot is the foundation of all net-making, 
and once succeed in that and you will | 
very soon be able to manufacture almost 
anything. Slip out the mesh stick and 
take the same stick through the loop 
you have just made, and so continue on, 
passing the needle every time through 
the last loop made, until you have made 
enough. I5y the time you have made 
as many as you think requisite, your 
work ought to look something like T. 
Unfasten the end from the nail and 
untie the first loop fnade. Pass a piece 
of cop! through the upper row of 
meshes, tie the cud^of the cord together, 
and hang it over the hook, do on with 
the work as*befcjre, only do not slip the 
loop off the stick as at fifst, Jvqot 


through / Fig. VV, then through c, d y c, 
and so on, until you have travelled along 
the whole width. Then turn the work 
over and travel back again in the same 
manner. Presuming the string breaks, 
or you wish to join another ball, the 
way to do it is with a “ becket-hitch,” 
commonly called a “ weaver’s knot.” 
Form a bight, pass one^part up through 
it, then over, under and hack through 
its own loop, as in X. 

(.'>) Lawn Tenuis Nets. — There are 
many persons who are thoroughly fa- 
miliar with the ordinary method of 
netting — that is to say, as far as makin* 
the loops and meshes is concerned — who 
do not know the construction of square* 
meshed nets, such as are required for lawn 
tenpis and other similar games. The 
ful Ion ing instructions will enable anyone 
capable of making the ordinary diamond* 
shaped netting to construct also square- 
meshed nets for tennis or other purposes. 

In making nets in which the; meshes 
are of large size, the spools or inesh pegs 
are usually flat. When very large thify 
become awkward to hold, iu which case 
it will he found much more convenient 
to have them cut the shape shown in 
Fig. .’14-4 f than to allow them to remain 
of equal size li««ni end to end. In using 
these spools, the base of the thumb goes 
into the deep notch shown at the left 
extremity of figure. 

liv the term loop, we mean the loop 
formed around the spool, as each knot is 
made in succession, the last, row netted 
always consisting of a series of loops, 
each of which, with the tvfo loops of the 
preceding row into which it is knotted, 
constituting a complete taesh. * 

Jn making square- meshed netting it 
| is necessary to be able ton*ake the knots 
in a different manner from that usually 
adopted, to net in fact with the fisher- 
men’s knot. This is done ns follows : 
Let the spool and netting be held in the 
usual manner. Then, to make a new 
loop, bring the needle backward over 
the spool ; then carry it fovNviwvl under 
t he spool, but without catching tfic string 
on any finder. Pass the needle upwards 
tli rough the loop that is to be taken up* 
and pull it close up to the spool, seizing 
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the twine passing thiough the loop w ith 
the forefinger and thumb of the left 
hand. The loose twine should be allow ed 
to fall over to the left, and down in front 
over the netting; and the needle should 
then be passed upward between the loop 
that is being taken up and the last one 
secured. On tightening the loose t\\ ine, 
1 lie knot is completed. 

This mode of netting is shown in Fig. 
317 Z, where the twine may he traced 
fioin the last -funned knot round the 
spool, through the loop, then to the left, 
where it is secured by the thumb; the 
loose twine is shown lying o\er the 
netting, and the point, of the noodle is 
just insetted behind the loop that is 
being taken up. To finish the knot, the 
needle must be pulled through, and the 
string draw'n tight. 

A very slight examination will show 
that, the knot made hv this method is 
the same as that resulting from the 
common mode of proceeding. 

Jn reality the stitch is much more 
simple than the one ordinarily used, and 
can he made with very much greater 
rapidity. It necessarily follows that 
anyone used to the old mode will find 
this new' plan awkward at first, and w ill 
tail to net as neatly as befoie ; but the 
strangeness i* soon overcome, and gieat 
rapidity attained. With stout cold the 
advantage is very great; there is no 
sawing of the twine lequiiod to tighten 
the knot, consequently no flaying * ither 
ot the twine or the fingers. 

Another immense advantage possessed 
hy this knot* is that it can he made, 
using oje, two, or three fingers instead 

the spool, nlW with a short end of 
the string without, a needle, so that 
in mending noft it is really invaluable. 

1 wo points, however, we have omitted 
to mention: the method is not adapted 
to very small netting, and it. is always 
necessary that the spool should be larger 
tlum the needle, otherwise the latter 
sticks in passing between the loops. 
Again, lift rc* are certain stitches that 
cannot be made in this manner, such as 
the first row or foundation of a diamond- 
ineshed net. 

piamond-rneshed nets are commenced, 


as is well known, by netting a number 
oflnops into a foundation, and when as 
many as are requited aie made, netting 
a second row into the first, 
j Square-meshed net*, as shown at 
! Hu. o*18 A, are made by commencing at 
j < ne angle or corner, and netting diago- 
j nally across the square to the opposite 
cerner. In beginning a square-meshed 
net, one loop a Fig. 348 15, is first netted 
onto the cord which is used as a founda- 
tion; this loop may be of larger size, as 
it is only temporary, being removed 
| win n the net U completed. The spool 
! is then withdrawn, and two loops are 
1 netted into the one first made; the last 
| of these two should alw ays he made w ith 
! what is known as the fishei men’s knot, 
as, if made in the ordinary manner, a 
lopsided knot is the result. The spool 
is again withdrawn from these two, and 
a new row is commenced ; this will con- 
sist of three loops, two being foimed by 
taking up the last loop of the previous 
row twice. The netting is to be con- 
tinued in the same manner, the last loop 
of every row* being taken up twice. liy 
tins means a half-square of netting will 
, le formed, of which the last row is the 
I diagonal, and the twu sides a c and a b, 
Hg. 348 A, foim the selvedges on each 
side of the half-square. When the sides 
of the square are oi the required length, a 
single row should he netted without the 
••Atm loop at the end ; and then, to form 
the jemaining half of the square, the 
rows should be continued, but with this 
diileieiice, that, instead of netting tw r o 
h. ops into one, as before, the last two 
ft op? m every row sht uhi be taken up with 
j the needle tvgither: thus the width of 
the netting fv ill be gradually diminished 
to one mesh, and when the net is 
stretched out it will be found a comj lete 
square forme*! of square meshes, as 
show’n at Fig. 3*18 A. 

Jn order to make the angle neater, 
the spool should lg* withdrawn hcioic 
the last knot is tightened, so that the 
last loop is made to •ome into the Jingle ; 
and the first knot should be untied, and 
the large front loop a Fi£. 348 IS also 
drawn up ^ight, 80 repder the net 
.correct in shape, 
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Tin* netting of an oblong net, such as 
shown in Fig. 3-18 (5, is a rather more 
nun plicated matter. This is commenced 
with a half-square as before, the length 
of the sides determining the width of the 
net. This done, at the end of the ne.\t 
jow the last two loops are to he taken 
lip at once ; bu£ on returning to the end 
of the succeeding row, two loops are to 
lie nett d into one as before, and t hi- 
altern ition is to be continued. At the 
end of oar 1 /'cm* t ((, Ictifts arc to b<' ta’.t a 
v)> at oner, and at the end of the next 
row tiro Inojts art' to be nett it into one. 
The side at which the latter is done — 
a r d — will he the long side of the ob- 
long, and when this is of the requir'd 
length, two loops are taken up at <a<h 
end of each row ; and the net diminished 
to the point e. 

In making an oblong gicat nue must 
he taken always to dimmish or increase 
at the proper side.s of the net, otherwise 
.i contused mass of useless netting will 
^e t lie re* nit. This eri or is easily a\ oided 
if a lew threads of coloured string or a 
nh. ml is Tied at the angle /\ to show 
which side should he diminished by 
taking up two loops in one. 

This proceeding may perhaps he ren- 
dered dearer by a consideration of 
Fig. 348 i), in which a is the first loop. 
Five rows are then netted, cadi being 
increased by netting two loops into the 
last, of each row, making the half-square 
a b and c. Then on returning to A, two 
loops arc taken up together, and at the 
side a c d twm loops are netted into one, 
and when the required length a to </ is 
reachj|fl, two loops are taken up together 
•it the end of*e*cry row and the net 
diminishes to a point, completing the 
oblong. * 

A law'll tennis net of t he regu- 

lation size is 5 ft. high bv 8 yd. long, 
and the. mesh is 1 J in. square. The 
strongest and most, durable cord to em- 
ploy 4s that called mattress twine, the 
usual pric$ being about (»</. a ball ; 10 
balls ^>ife generally required for an 
■^whnary-Bized net. 

To make a net of this size a half- 
square of 40 rows would have to he 
made before one sideshcnild be diminished 


by taking up/wo loops in one, and then 
the long side a e d should be continued 
for 192 rows before diminishing to the 
corner c Fig. 348 C by taking up two in 
one at both ends of every row. 

It is hardly necessary to add that, a 
net of 10 or 12 yd. length for double 
games can he made by simply continuing 
the side a e d until the required length 
is obtained. 

(4) Mending Nets. — The ability to 
■ mend nets is an ait of lather rare oecur- 
, lence; except amongst fishermen and 
! their wives, there are perhaps L0<» per- 
! sons who can make nets for every one 
who can repair them when damaged. 
The first step towards acquiring this 
power consists in learning to make a 
bend knot. This has been already de- 
scribed (p. 380) and illustrated (Fig. 

. 343 b A knot, which will be found of 
! tin* greatest u^e, not only in fastening 
| the cord to which the foundation of a 
, net is attached, but also in stretching 
! out the ditlcront parts of a net whilst 
• it is being mended, has been described 
1 on ]*. 380, Fig. 343 F. 

| It is impossible to mend nets by 
using the ordinary netting stitch which 
in employed by most persons. What is 
, termed the fishermen's mode of making 
j the knot is absolutely necessary. Tins 
was described fully on p. 892. In 
.numling a torn or damaged net, the 
1 first operation is to spread the net out 
as flatly as possible, mtb the loops in 
! t\e same j<osifioii v it ft regard to the 
! mendir as they were to the natter w^eu 
; the net u as nettle. In the case of a 
i lawn-tennis net the corner or angle at 
| which the net was commenced must 
‘ be farthest from the operator. The’ 

I damaged or torn part must then be cut 
j away in regular rows, as shown in Fig. 

! 349 E, where the whole of that pait. 

| represented by dotted lines is supposed 
i to have been removed. The short ends 
j of string that am knotted into the 
] loops 2, 8, 4, 3, and l> must, he un- 
picked, when those? loops will "remain 
uninjured; and the knots at 14, 13, 
10, 17, and 18 must also*be unpicked, 
so as to liberate the ffose ends of those 
1 loops that have been cut away; lilt 
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the knots at the sides of the part to form the new loop being ascertained 

removed, viz., at 1, 14, 7, and 10, must by measuring from 1 to a, 

he left, otherwise those loops would be When there are a large number of 
opened, which is not requisite. meshes to be filled ill, a spool m iy be 

The mender should then take a short used, but when there are only a few it 

needle (one of those alike at. both ends is neither necessary nor desirable to 

is most convenient for mending); fill employ one. 

319 . 
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it, but not over-full, with twine of the r The new loops from 2 to .‘1, .'5 to 4, 4 
same size as that used for the original , to 4, and 5 to t> are made in the same 
netting ; or twine slightly finer may J way, and then the side fi to 7 must be 
be employed, a«, being new, it will be . made by netting into 7 as into a In p. 
stronger than the old. The end of the | This completes the first row of new 
twine should then he fastened bv a ; loop*. 

bend knot to the loop 1, the needle I The second row lias now to he net tel 
passed upwards through loop 2, then j into the first. If performed as le- 
thc twine should he taken between the j commended, without a spool, it may le 
thumb and fore, finger of the right { worked backwards from right to left 
hand, and a length measured equal to j with great facility; or the netting may 
the distance from the knot at 1 to just be turned over on to the other side, 
beyond the knot at «, this gives the j when the second row can tie completed 
exact length of twine lequired to form | in the usual direction, from ^ft to 
the new loop from 1 to 2 ; this new ! right. € 

loop is caught on the little finger of j In this manner the space cut away 
the left hand, and pulled back ; the ! must be filled up, until the last row is 
point of the old loop 2 and the cord reached ; this requires different treat- 
passing through it are held by the j ment. Jn Fig. .449, 4 rows of loops only 
thumb and fore finger of the left hand, ! are shown as having been removed, 
the loose twine is thrown over to the j When the second has been entirely 
left, the needle is brought to the right, ' replaced, the twine will be attached to 
and the knot is completed by passing j the knot at 14; to complete, the repair 
the ncbdle under tke loop 2 from right j pass the needle through Che ^eop 14, 
to left. In short, the loop 2 is taken j and secure it by a bend knot, 14 .,* 

up by the fishermen's knot, only made ! the loop of the bend knot, and taking 
on the little fifcger, instead? of on a care that the side 14 to 14 is of the 
spool, the length of the twine required proper length; then knit into loop 12 
# < 
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from 14, return to 15, ami so on, 
connecting the whole iu the following 
order — 11 to 16, 10 to 17, 0 to 18, mid 
lastly 8 to 10, which completes the I 
repair. Of course the reparation of | 
larger re id \te da 

is only an extension of the same proceed- j 
ing as is here described w ith reference I 
to three rows of loops. The description ; 
ol tliis process doubtless appears tedious, ! 
hut the performance is, with a little 
practice, sutlicientlv easy. (T.) 

AValkinh Sticks. 

(1) At tlie present time there is, com- 
paratively speaking, no Hunt to the 
material that can he turned to account 
tor the purpose of walking and umbrella 
si it k making; indeed there is always a 
keen look out being kept up for new 
boiiihs of material, and a constant 
introduction of novelties, both in the 
sti<k>» themselves and iu the adaptation 

them to meet, the demand of fashion. 
So great, varied, ami numerous are these 
demands, that of late years, especially 
in Continental countries, many persons 
have taken up with the cultivation of 
sticks of certain kinds, exclusively to 
supply the walking-stick market. In 
till'* country, land is generally of too 
high a value for it to be placed under 
such a system of culture, though unite 
recently large quantities of ash saplings, 
in which the roots have all been directed 
in one way to form what is known as 
cross- heads, have been grown in the 
county of Surrey. 

Soi^.* ‘JO years ago the first collection 
ever got together illustrating the ma- 
terials used for walking sticks was pre- 
sented to th% museum of the Koval 
Gardens, Kew; and quite recently this 
collection lias been entirely revised and 
augmented by the same firm which 
originally presented it, namely, Henry 
Howall & Co., of Old Street, St. Luke's. 

Forest produce from all parts of the 
worldi^hefe deposited. From the East 
*#in!"West Indies, Singapore, Java, Chinn, 
and other eastern countries, are derived 
* great variety of sticks, principally, 
however, belonging to the bamboo and 


palm tribes. » The sticks, as required for 
the worktops, are drafted from the 
stores. Some are so crooked that they 
require a great deal of straightening 
betore anything else is done with them, 
and t lii lghtemug process is one ot 
the most interesting and remaiknhle. 
On the top of a very hot stove is a heap 
of sand, in which the sticks are plunged, 
and kept there till they have become 
quite pliable. The workman then takes 
the crooked stick while it is still hot 
and inserts it into a notch cut in a stout 
board, placed at an angle inclined from 
him, and bends and strains it, occasion- 
ally casting bis eye along it to see that 
it is straight, and when perfectly so it 
is thrown down to cool, and when cold 
it is quite rigid, without the slightest 
fear of it oer going hack to its natural 
nookedness. In this wav some of the 
most irregular and apparent!) worthless 
sinks are made to assume an appear- 
ance almost impossible, w hen w e consider 
that the woikman has nothing but 
practice and a well trained eye to guide 
him. Heat is a very important clement 
in the manipulations of a stick-maker, 
and pmliues Aery different elfects on 
the several kinds of woods, the degree of 
heat necessary to straighten one kind ot 
stick being often suflicicnt to tomplctely 
spoil another kind. The same power 
winch makes a crooked stick straight is 
applied to make a straight one crooked, 
and so we find that the rigid stems of 
hmiboos, partridge canes, and all the 
various kinds of English sticks which 
are required to he curled or twisted, are 
by the application of heat made to 
| assume almost, anv shape or form. 

| Thus, laditV sunshade handles at the 
present time, especially those of bamboo 
| or partridge cane, are twisted ami even 
j tied into double knots. 

I By far the largest number of stiiks 
| used are those known as natural sticks*, 
that is, saplings »f trees or climbing 
plants, where the roots have sufficient 
character to form''' handles or* knots. 
These are always more in demand, 
whether for walking, umbrella, or sun- 
shade sticks, than tflbse that are cut 
from the solid, like letter- wood, ebony, 
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boxwood, beef- wood, partridge-wood, &c. ! 
Messrs, Howell, with the view of tiring- j 
ing to light undeveloped resources, have | 
Imd some notes drawn up and circulated j 
amongst, their correspondents, on tin* j 
points to he observed in collecting raw , 
sticks, canes, &c., lor walking sticky 1 
umbrella handles, &<:. The total length 
should not be less than 4‘d in., end to , 
end, and if possible they should be 48 in. 
The best, sizes are of tlie diameter of ' 
•j - 1 in., measured about midwav ; they , 
should not he larger than 1} in. It is 
indispensable tlmt the diameter should 
gradually diminish from the root, or 
handle, to the point, so that the stiik is 
not “top-heavy.” It is always better, 
when possible, to send stiik-* mill some 
kind of handle; if the plant be pulled 
up, the root should he left quite rough ! 
and imtrinmied ; if a branch he cut « If, j 
a part of the parent branch should be 
left, onto form a knob or crutch handle. 
Sticks without handles can be used, 
especially if they are nicely grown and 
have any peculiarity of structure or 
colour; but if there is any handle, how- 
ever small, it should not he cut oil. 
Young saplings of the different kinds of 
palms, bamboos, &c., should aluavs 
have the root left on. Occasionally 
the form of the root or handle part is 
attractive, while the stick itself is weak 
and defective ; in such cases the handles 
only should be sent, and they should 
measure 15-18 in. long. In sending 
specimens of new sticks, it is better to 
send only small quantities, say one or 
two dozen, at most, of each kind, then j 
if approved, further quantities can be j 
asked for. Specimens of anything re- 
markable for form or coluui v , whether in 
the roots or stems of woody, herbaceous, 
or reedy structures, should be scut, as 
sometimes the most unlikely things are 
found to possess value for use either as 
umbrella handles or walking sticks. 

It will be seen from these notes that, 
as before stated, the chief demand is 
for natural sticks, •many of which lend 
themselves readily to the varied designs 
so necessary 'Tor ladies* sunshades. Not 
many years sirftle the whrfa of the 
machinery in use was worked by hand, 


but in consequence of it being necessary 
to turn out mt\ large orders with great 
rapidity, sham power was introduced, 
which sets m motion band and circular 
saws, plane-, and rasps with the result 
that a stick of the toughest description 
can he converted into a marketable 
article in a very short-time. So dex- 
terous do the workmen become in tin* 
use of these tools that they seldom make 
even the slightest, error in their work, 
and the rapidity with which the workers 
in gold ami silver mounting perform 
their delicate manipulation * is remark- 
able. Re-ides the precious metals, a 
great variety of valuable stone mounting 
is ellected in this department, amongst 
the stones used being Mexican onyx, 
agate, jasper, various marble-, aud occa- 
sionally even t lie more precious stones, 
including diamonds. Ivory, horns ot 
ail kinds, rhinoceros, buffalo, stag, sea- 
horse, walrus tusks, are also largely 
used. 

Jn enumerating the materials used yi 
the manufacture of walking stieks it 
has been thought best to classify them 
in alphabetical order according to their 
commercial names. Though the follow- 
ing is a fairly complete list, and repre- 
sents most of Those exhibited in the Kew 
Museum, it is bv no means an exhaustiv e 
list, addition!* being frequently made. 

Acacia. — The name of this stick desig- 
nates its peculiar colouring rather than 
its botanical origin, and any stick that 
is sufficiently strong, and .lends itself 
readily to artificial colouring, is used, 
such as crab, dogwood, &c. ; the speci- 
mens at Kew arc the produce of v hard- 
wooded shrub or small free, found in the 
forests of Mid and Southern Europe, 
probably belonging to the dogwood 
order. The stick-, in their prepared 
form, have found much favour for ladies* 
umbrella and .sunshade handles. They 
lire made in various shapes, but the 
colour is generally bluish or gneyish, 
with n metallic lustre, and occasional 
dark streaks. “ %• % 

Apse or Asp. — This is the wood of !d:r. 
aspen ( Pojndus tremuki) ; it is very 
light both in colour and weight, and has 
little else, perhaps, to recommend it for 
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walking sticks. The supply is obtained l 
from our own country. 

Ash ( Frtunnus t 1 jvchi’>r'). — This tree 
furnishes a variety of sticks, known in 
trade under diilerent names, a*, for in- 
stance, the root ash, which consists of 1 
the saplings with the roots attached, 1 
which form thc^hnndle ; then there B 
the cross-head, in which the roots, in- « 
stead of forming a somewhat globular 
knob, take a twist at right, angle', from 
the stem. These, as has been before 
stated, have been grown, and s*» dim ted 
during their growth, on a large scale in | 
Surrey during the l.i-t two or three 
years. The figured a^h i.s another form, 1 
in which the bark has been scarified into 
various designs during growth, and 
healing has left a permanent, marking. 
These latter are, perhaps, moie curious 
than beautiful, hut still they haw their 
admirers. The ash can be treated in 
various ways with the hark either left 
on or Temovcd. Some of those, w ith the 
kirk remaining, when properly cleaned, 
dressed, and polished, make very pretty 
sticks, and are not unlike those of the j 
orange. | 

Bamboo. — The bamboos furnish a 
great, variety, and a very large, hulk of I 
the material used by the walking-stick | 
maker. They come, of course, chielly i 
from the Hast, hut their botanical | 
sources are difficult, to detcrmii 
Amongst those which may be called tru- 
bamboos, namely, those furnished by the j 
mentis llambusa , may be mentioned tl 
Whampoa bapiboo, probably the produce 
of linmbusa nulake. They are noted for 
their ^regular jointing; they are of a 
clean, lemon - yellow colour, and not | 
long since were much used for sunshade 
handles. Tliey are imported from 
China. The yellow bamboo and the 
black bamboo are also well known, their 
colours being indicated by their com- 
mercial names. These canes are im- 
jiorted from .lapan and China, and are 
Tio doubt the produce of species of 
JtambyjGi, as’ is also probably the beetle- 
so named from its intensely black 
•colour and its scaly appearance near the 
root, which, however, makes it very 
pretty. This is also the product of a 


Chinese speck#*. The dog-head bamboo 
B not a true bamboo, but. is furnished 
by a specks of Annul inaria , a closely- 
allied genus. The name dog-bead has 
been given to this stick from the natural 
grow th of tiie rhizome roughly repie- 
.senting the head of a dog, so that it is 
easily carved and converted into good 
representations of dogs’ heads. These 
.'.ticks are imported from China. 

Bahow. — 'I his is appal cut I y the pro- 
duce of a palm, hut at present its origin 
remains unknown. The sticks are im- 
>rted from Singapore. 

Hay Tree or Laurier Tliyn. — These 
sticks aie apparently the produce of a 
Bpei ies though nothin 

definite know'll about them. The 
wood is Aery hard and dose-grained, 
i almost \ ite in colour, but with a 
cinnatnoi brown bark covering the 
i irregular uni, which makes good han- 
! dies for umbrellas. They are imported 
I from Algeria. 

Beef-Wood. — This wood is of a dull 
Mdibh colour, close and even grained. 
It is apparently cut from the trunk ot 

large tree, perhaps that of Aa/Bm 
corbu'ca. It is imported from Cuba. 

Beetle Cane. — See Bumhoo. 

Birch. — The saplings of Jlcluhi dibit. 
The roots make good handles, and the 
supply is obtained from our own country. 

Blackthorn. — This well-known hedge 
plant., known also as the sloe (J'rnnus 
s/ihiosit)) makes exeel lent walking sticl 
There is always a demand for them, for 
w hen properly dressed and polished 
there is no other stick that has so dark 
a coloured hark. Latterly there lias 
been a large sale for a special kind of 
blackthorn Yrought. from Ireland, and 
I known as Irish blackthorns. They are 
j distinct, from the ordinary blackthorn in 
being flattened instead of cylindrical. 

Black Turk. — The botanical origin of 
this stick has not been determined. It 
has a dark-coloured bark, and the ro<it 
forms an irregular knotted handle. The 
wood, which is ban? and close-grained, 
forms a very rigid stick, revealing, when 
the bark is taken oft’, a diirl? brown wood 
with occasional light 1 patches. It is 
imported from the West Indies, 
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Box wo i » 1, Persian. — This is the true 
box (Huxus sempermrens), the wool of 
which is so well known as to need no 
description. The irregularity of the 
branches recommends it, when peeled of 
its bark, for walking sticks, an 1 the 
sticks cut out of the solid trunk make 
good umbrella sticks, besides which it is 
otten carved into various devices for 
ladies’ sunshades. Another kind of wood, 
very similar in appearance to true box, 
but known as West Indian boxwood, is 
use] to some extent for the same pur- 
poses. The West Indian boxwood of 
botanists is Vitcx umbrosa, but this woo i 
does not agree, with that, and at present 
cannot be satisfactorily identifiei. 

Briar. — This is also the produce of a 
West Indian tree (/ inthnxyluin C ini - 
Jfrrjulis), the bark of which is t uvu- 
la ted, or warted, for which reason it is 
valued for walking sticks. They are 
imported from the West Indies. 

Cabbage, Jersey. — A well-known 
variety of the common garden cabbage 
(/' r, illicit n/rnvi), the stems of whie'i 
grow in the Channel Islands to a height 
of 10 or 1*J ft. 

Carol) or Carnubier (Ceratoni't <S77- 
fpi i). — A branching tree about 30 ft. 
high, native of the Mediterranean coast. 
Tiie knotted and irregular branches, 
when straightene 1, make excellent walk- 
ing sticks. They are imported from 
Algeria. 

Carolina Heeds. — These are slender, 
bamboo-like canes, the produce, ap- 
parently, of a species of Arundm iri i. 
They are imported from China. 

Cedar-Wood. — This is the wool of 
the common pencil celar (I uni per r* 
vinpniana). It is only 'occasional! v 
used, and is too well known to nee 1 
description, it is imported from North 
America. 

Cherry ( Prunui ctrasu*i ). — Of late 
years this has become a very important 
stick, both for walking sticks and sun- 
shade handles. Two distinct forma of 
the efierry are knoVrn in the stick trade, 
namely tne scented and the tiger cherry. 
The former' has a dark' brown bark, 
which has a peculiarly sweeA* scent, and 
in consequence, is seldom or never 


polished, the effect of which would, cf 
course, he to kill the perfume. The 
tiger cherry has a bark with patches 
of a bsautiful golden lustre, which is 
heightened by the addition of polish. 
These sticks arc importel in large 
quantities from Austria and Hungary, 
where the growth forjjpes and walking 
sticks constitutes a staple industry. 

Chestnut. — -These are branche-t oi 
saplings of the Spanish chestnut ( Cus- 
tinen mtmi «). When peeled the wood 
is of a very light colour, but is hard 
an l durable. The sticks are obtained 
principally from France. 

Coffee. — The->e sticks are the produce 
of the ordinary or Arabian coffee-tree 
((fofci artihhi ), an l are brought here 
from the West. Indie*.. They are verv 
hard ani heavy, nit.li a liglit-coloure l 
lurk, an l have hut little to recommend 
tins n. 

Cork. — Tin* product of the cork oak 
(Qtcr'Ui iSVxr ). Though these sticks 
are somewhat clumsy in appearance, 
owing to the thick and rugged deposit 
of bark or cork, they are light in weight 
from the same reason. They are im- 
ported from Spain and Algeria, 

Crab. — Two kinds of stick are fur- 
nished by this plant — the wild form of 
the cultivated apple (Pj/rits m tlus ), the 
plainer sticks being known as crab, and 
the knotted or irregular sticks as 
warted crab. They are the produce ol 
our own country, though 60 ine are im- 
ported from the Continent. 

Bate Palm. — These are the midribs of 
the leaves of this well-known palm 
( Ph< mix dart iflif era) with the f leaflets 
cut ofl, rounded and smoothed, and then 
polished. They are imported from 
Algeria. 

Pogwood (Cornus smi(juinra ). — This 
is a well-known shrub of our own 
hedges, the wood of which is hard and 
not liable to splinter; hence it was at 
one time much used for butchers' 
skewers. These properties, together 
with those of rigidity and fc^htness, 
have caused the sticks to become* Wiaf t 
much in favour with walking-stick 
makers. On this account they are much 
used for the u pillars” or sticks of 
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umbrellas :uul sunshades, often having 
nt her handles or knohs lived to them. 
They are imported in large quantities 
from France, Germany, and other parts 
of the Continent. 

Ebony. — Several kinds of elumv are 
known in the trade as Ceylon, Macassar, 
and flowered efcmv. The two former 
aie the produce of Diospijros chcimm, 
'and the latter of a totally different 
plant., namely, Hri/'i < Inruns. r iTic first 
is a native of Ceylon and India, and 
Inrnishes the best true ebony, while tin* 
second is a small tree, native of tin* 
West Indies, and is sometimes known as 
gieen ebony and corns- wood, so mm li 
used for making Hides. The ebonies 
luruish very choice sticks, whhh are 
cut from the solid wood. 

Eucalyptus. — This, as it*, name im- 
plies, is the produce of h'u< ■<{'/// it us j 
(ilobuhtS) better known, peih.ips, as the j 
blue gum. It is a native of Australia, 
but lias been introduced into many 
other parts of the world. The supply 
for the stick trade comes from Algeria. 

Fullers* Teazle (I>ips<u us Fullouum). 
—This plant is probably only a culti- 
vated variety of the common teazle 
found wild in our copses and hedges 
( ft! pancus splccstris ). The plant, is cul- 
tivatcd in some parts of this country, as 
well as in France and Germany, for the J 
sake of the hooked bracts of the flower- 
heads, which are, vised for teasing or 
carding cloth. '1 he adaptation of the 
stems for sunsha le handles is very 
singular, for ipost of those used f«»r the 
pm pose are fnsciated or abnormally 
twistet^ in the process of growth, so 
that they hecomt double or tieble their 
normal size. This fascuition was nfc one 
time considered to be unusual in the 
teazle, and their appearance a few year* 
since in thousands as sunshade handles 
came as a surprise to the botanist. It 
exemplified, however, what has bed.i 
before said, how apparently useless pro- 
ducts can be made subservient to the 
deniand^if co'mmerce. Teazle stems are 

; ym’ted from France. 

f Furze, sometimes also known as Whin 
or Gorse (I Hex enr opens ). — The stems of 
this common British plant are, as is well 


known, veiy Irregular in their giowth. 
When they arc straightened ami pro- 
perly dressed, however, they make 
extremely pretty walking and umbrella 
sticks and aie in great demand. 

Gru-Gru. — These are the saplings i.f 
a palm, the hotinieal origin of which 
cannot be accurately determined, inas- 
much as the name gru-gru is equally 
applied to A\trwariptm vuhjurc and 
Armromii sclcru»'nr/ki t both South Ame- 
rican species. The sticks are veiy 
beautiful, being of a rich dark brown 
w ith line white longitudinal lines near 
the joints. The root beads also are very 
handsome. Tin* sticks are imported 
troni the West Indies. 

Guelder Uom? ( Viburnum Opulus ). — 
The sticks Jiom this well-known shrub 
are very attractive when dressed and 
polished. The bark which covers them 
is of a rich brown, thickly marked with 
white lines. They are of a compara- 
tively recent, introduction, and are very 
much in demand. They arc sometimes 
known under the name of Balkan rose, 
being imported from the neighbourhood 
of the Balkans. 

Hazel. — This well-known stick is the 
produce of Cory/us ArcMami, and has 
quite recently increased very much in 
lavour both for walking and umbrella 
sticks. A variety known as silver bark 
hazel is the most beautiful. The sticks 
an* imported lrom various places on the 
continent, of Europe. 

Holly (Ilex tujuifulium). — The sticks 
of this favourite shrub are so much used 
for walking sticks, whip-handles, and 
similar uses that they need only to he 
enumerated. They are chiefly the pro- 
duce of our own country. 

Hornbeam ( Carpinns Jh'tulus). — A 
well-known hard-wooded tree ; the wood 
is of a very light colour, but makes 
durable sticks. The market is supplied 
by English growth. 

.lambcc, or Jamfezc — This is ap- 
parently the produce ot the palm, ^hich 
has yet to he determihed. 

Lance wood. — This wood, supposed to 
be the produce of Fu fluctia quitarc’nsis , 
a tree of t^ith AmeriA, is much used 
•for shafts of carriages, whip-handles, 
•2 i> 
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•ithl the top joints of fiJiiing-rods, in 
consequence of its elasticity and 
strength. For the same reason it is 
used for walking and umbrella-sticks. 

Loya Canes. — The stems of an Aus- 
tralian palm (Calamus a us t ml is ). They 
have somewhat the appearance of a 
rattan, to which they are a close 
botanical ally. 

Malacca (Calamus scipionnm ). — Like 
the last, these are the stems of a climbing 
palm, imported, not from Malacca, but 
from Siak, on the opposite coast of 
Sumatra. They are a very choice stick, 
and fetch perhaps the highest price of 
any stick in the mill ket. 

Maple (Acer campestr .*). — The 
branches of this well-known British 
tree are sometimes used for walking j 
sticks, as well as the wood of its Ame- 
rican ally, the bird's eye maple (Acer 
sarrhftrimun). 

Medlar (Pyrin yermanica ). — Sticks of = 
this plant are imported from France. I 
They are sometimes covered with nu- 
merous transverse gashes, which is done 
in the stem during growth for the pur- 
pose of ornamentation. 

Midgen. — This is the stem of an Aus- 
tralian palm (Kent ia monos t achy a). It 
makes a very pretty stick, from the 
markings or scars of the fallen leaves 
being very close together. 

Mountain Ash. — A well-known orna- 
mental tree of our .shrubberies (Pyrus 
A '(cuparia). The sticks are slender but 
strong. 

Mountain Bay. — A slender palm, the 
source of which is unknown. 

Myall Wood (Aracia Uomalophjlla ). 
— A leguminous tree of Australia, the 
violet- scented wood of which is >vell 
known and has been much used of late 
in the manufacture of pipes. The sticks 
are not polished, ’so as to preserve the 
scent. 

Myrtle. — Whether this is the produce 
of the Myrtus coiKmunis is somewhat 
doubtful. It makes excellent walking 
and umbrella sticks, which are imported 
from Algeria. 

Nana Canes.— —This* name has been 
given to the hoYlow reed -lifts stems of 
Arundo dojinx , the rhizomes of which 


form excellent handles for umbrellas and 
sunshades. They aic imported from 
Algeria. 

| Oak ( Qucrcm Hobur). — The saplings 
: and branches of this well-known British 
j tree are much used for walking sticks, 
i and are always in favour. Under the 
name of Brazilian oak, it stick that has 
| met with a very large demand has been 
known in the market for some few * 

1 years. It is corrugated longitudinally, 
and knotted throughout, the knots being 
especially thick near the knob. Though 
this stick is a great favourite, its botani- 
cal origin at present is obscure. It is 
imported from Bahia, and is sometimes 
known as the Ceylou vine. 

Olive ( Oka enropca). — This is another 
favourite stick for which there is always 
a large demand ; the dark green bark 
has a character of its own, and the 
brown markings of the wood, when 
stripped of its bark, has much to recom- 
mend it. Olive sticks are imported 
chiefly from Algeria. r 

Orange. — The orange sticks, which 
are imported chiefly from Algeria, are 
probably the produce of other allied 
species besides that of the common 
orange (Citrus aurantium ). The bark 
of the orange, when dressed and polished, 
has a bright, greenish colour, with 
white streaks, and makes extremely 
pretty sticks, for which there is a con- 
stant demand. 

Orange, Black. — This is a distinct 
product from the foregoing, and is not 
f urnished by any species t of Citrus , hut 
bv the common broom (Cytisus sro - 
jktrius'). The bark has somewhat of the 
orange marking, but its colour is nearly 
black, as its trade name indicates. It is 
imported from Algeria. 

Palmyra. — These sticks are cut from 
the solid wood of the palmyra palm of 
India (Borassus flabcltifonnis). Two « 
varieties are known, black and red, the 
one with iuteusc black lines, the other 
with red. The wood is ini ported from 
India. S, 

Partridge Canes. — Under this* a *TRWlH 
an immense quantity of canes, with and ^ 
without, the bark, are annually im- 
ported from China. Though they are a 
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specially favourite stick for walking, 
umbrellas, and sunshades, the botanical 
source still remains unknown. They 
are largely used for the twisted and 
curled handles now so much in vogue. 

I 'art ridge Wood ( Andira menu is ). — 
Tn is is a large tree of the West Indies. 
The wuod is clor#-grained and hard, and 
Jakes a good polish; it is used chiefly 
for umbrella handles. 

Penang Lawyer ( Licuala unitifidn ). — 
This is a palm, the saplings of which, 
with the roots attached, are imported 
in considerable quantities from Penang. 

Pimento (Pimento, officinalis ). — A tree 
common in Jamaica, where it is largely 
cultivated for the sake of its fruits, 
which arc the allspice of commerce, 
l’or the stick and umbrella trade large 
quantities of the young saplings are 
imported from the West Indies. The 
sticks arc valued specially for umbrella 
handles, in consequence of their rigidity 
and non-liability to warp. 

« Pomegranate ( Punka Granatum ).— 
These sticks come mostly from Algeria, 
where they are specially cultivated. 

Rajah Cane.— This favourite stick 
has been known in commerce for some 
‘JO years or more. It is imported from 
Romeo, and for a long time after its 
introduction its botanical origin re- 
mained a mystery. It has, however, 
since been referred to the genus of palms 
JCtufcissonia , and probably to the species 
minor. The commercial name rajah is 
said to be derived from the fact, of the 
duties paid foj its export being claimed 
by the Rajah of Borneo. 

Rattan. — Under this name a variety 
of sticks, appfiently the produce of 
different speciej of Calamus, are known. 
Thus vve have root rattans, white hard- 
•barked rattans, monster rattans, minia- 
ture rattans, and so on. They are all 
of a similar character, with the scars of 
the fallen leaves strongly marked in 
transverse rings. They arc the produce 
of Eastern countries. 

Snake^ooif ( Urosimum AuhlctU ). — 
ffiWih is also known under the name of 
/ letter- wood and leopard -wood. It is 
the produce of a large tree, native of 
Guiana, Northern Peru, Brazil, and 


Tiinidad. TIjb wood is extremely hard, 
of a reddish-brown colour, maikcd with 
dark transverse blotches. It makes one 
of the handsomest sticks known, and 
when mounted with gold has a veiy 
rit h appearance. 

Thistle. — Under this name the stems 
of the mullein ( Ynbasnnn TJuijistts) arc: 
known in commerce. They are slender 
and very light, both in colour and 
weight ; they are, however, very prettily 
marked, and make good handles for 
umbrellas. 

Tonquin Canes. — These are blender- 
jointed sticks of the character of bam- 
boos, and are the produce of an unknown 
species of Arundmarii. They make 
light and strong sunshade handles, and 
are very much used for that purpose. 
They are imported from China. 

Wlmngee. — This is a well-known cane 
imported from Japan, and is formed of 
the rhizome or underground stem of a 
kind of bamboo (PJiijllnsttchys niyra). 
The cane is very pliable, and is very 
distinctly marked by the transverse 
scars of the young shoots, where they 
have died out, and where the rootlets 
have fallen off. The canes are mostly 
of a pale yellow colour, but there is a 
variety with black scars known as the 
black whangee. 

Whitethorn. — This is another name 
for hawthorn (Cratayus (Kryacantha). 
The wood is very hard and close-grained, 
and makes very strong sticks. 

Zirracote. — A close-grained, nearly 
black wood ; used mostly as a cabinet 
wood. It. takes a good polish, and has 
a very handsome appearance. (J. R. 
Jackson). 

(2) Walking sticks should not be 
cut or pulled later in the spring than 
February, nor earlier in autumn than 
October, the best time being from early 
December to mid-l'ebni.iry. Ihey 
| should not be stripped of bark nor 
worked till half dry, and meantime 
should he stored in a cool and mode- 
rately dry place. It^is best- to leave all 
roots and spurs on the stick about 1 in. 
long when laTTng aside tollry. When 
half dry *yieir suppress is at its 
■ greatest, and working is facilitated. 
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1 1 t»l I v stnks must bei. imlv rough 
trimmed when put a way to season. 
Ash sticks must also he rough trimmed 
a'ld well seasoned before they are 
larked and polished. The wood and 
curiously-formed mot-knobs of ground 
ash admit of excellent grotesque carving. 

Of all home-grown sticks oak is the 
most reliable, and stout oaken cudgels 
are esteemed by most persons as some 
of the best props to failing legs, as 
well as the best weapons for self-defence 
against quarrelsome dogs and rowdy 
rullians. Straight sticks of sapling o ik 
arc not always easily obtained, but 
mpse-wood sticks pulled from the 
slumps ol* tree", form excellent, substi- 
tutes. These should he selected fur 
walkiug-stit ks which taper gradually 
from 2 in* just below the knob or 
crutch, down to £ in. at the opposite 
end. (iiiarlcd and crooked oak sticks 
are sometimes fancied, and heavy cud- 
gels are sometimes selected for de- 
fensive purpose-. Oak sticks split in 
♦Irving whrn the bark ha> been stripped 
oil, or the knots cut too close, or the 
sticks put away to dry in a very warm 
dry place; they are then rendered 
useless for walking-sticks and cudgels. 
The wood and a No the form of the 
knobs or roots will admit, of much taste 
b ing displayed in carving. 

From the roots of elm trees, saplings 
with a coating of rough bark will slmut 
up straight to a height of li> 12 ft. 
These -will furnish good walking-sticks 
of the fancy type, the rough haik 
serving the purpose of ornamentation 
when the sticks are dried, stained, var- 
nished, and polished. The wood is also 
durable, hut not very shpple when 
dried, and stacks of it are not suitable 
to hard usage. The usual precautions 
must bo taken in drying them. 

Light sticks of hazel may be cut 
or pulled from almost, every hedgerow' 
and in any wood. (Saplings are not un- 
frequcntly found of most symmetrical 
proportions, tapering from 1 in. down 
to J in. through a length of 10-12 ft., 
These are used by cou'fiiry swains as 
goads for the *»oxen, and inform very 
tough sticks. The wool is very light, 


but it lias the disadvantage of bending, 
and remaining crooked when leaned 
upon heavily. Jt is also soft, and may 
be easily carved. Occasionally, ha/id 
stubs may be found grotesquely en- 
twined with honeysuckle, and the stem 
so deeply furrowed with the supple 
vine as to enclose the^ convolutions of 
the cl mi her. Sticks of this kind are 
valued as fancy sticks, and look well*'* 1 
when propel ly prepared, varnished and 
polNlicd. 

In exposed positions the blackthorn 
i.s only a dwaii shrub, but in sheltered 
hedgerows and woodlands 7t attains a 
height of 20 ft., and its saplings run up 
a length of (I -S ft., straight, and 
taper, but coveiel with stout spines 
and small twigs. These saplings make 
excellent walking-sticks, both when 
they can be dug or pulled up, an! also 
when tiny have to be cut off. The 
spines and twigs must not be cut off 
dose until tin* stick is half dried, 
and then cut with a sharp knife; in 
tact, the knots from the spines and 
twigs when left as slight round ex- 
crescences enhance the beauty of the 
finished stick. Jllackthorn is moie 
famous for its hardness, strength, sta- 
bility, and durability, than for light- 
ness, elasticity, and suppleness. A 
cudgel made of blackthorn will deal 
heavy blows, hut when matched against 
one of oak would splinter at the knots, 
the oak being the tougher stick. The 
wood is hard and not easily carved, but 
the root knobs will admit of a very fine 
and smooth polish, most grateful to the 
palm of the hand of the tired^ pedes- 
trian. Its congener, Mie whitethorn, 
or hawthorn, is not so suitable for 
walking-sticks, being more brittle and 
less durable. 

Among fruit trees, the cherry will 
furnish some very nice fancy sticks, 
bupplc, and of tolerable strength; and 
apple wood, when well and carefully 
dried, will yield some good sticks. 
Grape-vine and briar sticks ewnnot be 
relied upon for stability when leaned 
upon. V 

When sticks are half-dried, that is, ' 
when the bark is shrunken, has lost its 
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w»]»pv greenness, and i closes to peel 
freely, they may be trimmed, straight- 
ened, or bent as requited. To bend or 
1o straighten them, they may be held 
<»\er steam until rendered supple, or 
buried in hot wet sand until this end 
has been attained ; they must then b< 
vnen the fm in they are intended to 
assume (wliilst^stilThot), and kept in 


sugge^thc ii^ thcmsehes. One or twi 
'Mugs should, 1l . , . 

shieratiou in designing a knob, and tiie 
I first should be the ultimate use nt 
J the stick. If the stn k is to Ik* a f.iin’v 
one, to be earned and swum; in tin* 
hand, more for nppcaraTit 
I um», thei amount of skil 

ngs may le* < \pend**«l lie knob; 
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this form until they are cold, straight 
sticks being tied firmly in small 
bundles, and wound with a eoil of 
rope from end to end, or suspended 
from a beam by t lie knob end, whiKt 
a heavy w eight is hung from the small 
end. Crooks may be turned by im- 
mersing the e»d in boiling water for 
•> 10 minutes, then bending it to the 
desired forinf and securing it in this 
position with a tourniquet (Fig. 350 A) 
until the stick is cold. The bark may 
next be taken off with a sharp knife, if 
so required, and care must he taken not 
to splinter or chip the wood of the 
stick. Knots may he trimmed at the 
same time, and the knob trimmed up to 
shape. Hard and fast rules cannot be 
triton for the formation of knobs, since 
their form must be regulate l by the 
natural knobs, and these are often very 


but if the stick is Air use, we should 
first consider IN use. bound smoot h- 
he.ided knobs (Fig. 350 H) carved and 
polished to fit comfortably into the 
palm of the hand, will meet with most 
acceptance fiom those who use a stick 
as a support. Hut knobs thus formed, 
and shorn of a projecting crook or 
hook, often, slip from beneath the arm 
or out of the hand when its owner 
w islies to use both hands for some 
purpose. The head of a dog with .1 
long muzzle, the head of a swan or a 
goose, forms an appropriate design for 
such a stick. The crutch (Fig. 1150 C)ur 
half-crutch form (fog. 350 I>) is also a 
comfortable one, buj the ordinary crook 
(Fig. 350 A), although useful for many 
other purpouai, does not A/, comfortably 
m the h.yid, it is too^much of a hand- 
ful, and %e central support usual !v 
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finds its bearing under fhc forefinger 
instead of the palm of the hand. Sharp 
carving on the knoh should always bo 
discouraged, for it only hurts the hand, 
but the neck of the knob may receive 
the carver’s attention. 

Elm sticks with the rough bark loft 
on (Fig. 350 h) must, bo neatly trimmed, 
naked around the neck of the knob, and 
at the bottom of the stick just above 
the ferrule, loose bark should also be 
neatly tiimmod with a sharp knife, and 
the whole lightly gone over with me- 
dium glass-paper. The stick should 
then receive a dressing of boiled linseed 
oil, and he left to dry. When dry, it 
will be well to go over the smooth 
parts with a little polish, and finally 
give one or two coats of hard spirit 
or copal varnish. Holly, ash, hazel, 
cherry, apple, birch, etc., should have 
part of their bark only taken off with a 
sharp knife, leaving all knots smoothly 
trimmed, rounded, and clean. The 
sticks should be then lightly glass- 
papered, and, when smooth, dressed 
with boiled linseed oil, dried, polished, 
and varnished. Oak sticks look best 
when carefully lmrked in hot water, 
cleared of the loose bark by rubbing 
with canvas, dried, dressed with boiled 
linseed oil, again dried, then polished 
and varnished with oak varnish. Black- 
thorn sticks should he only partly 
harked, the knots smoothly trimmed, 
then glass-papered quite smooth, dressed 
and varnished as directed for other 
sticks. Sticks may be stained black 
after they have, been glass-papered, and 
before they are dressed with oil, by 
first brushing them over with a hot 
and strong decoction of logwood and 
nut-galls, and when this has well dried, 
brushing over them some vinegar or 
acetic acid in which a quantity of 
proto-sulphate of iron, some iron rust, 
or some old rusty nails hag been 
steeped some 2-3 jfays previously. A 
brown or mahogany tint may be given 
by adding some dragons 9 blood to the 
polish, and a yellow tint may be ob- 
tained by adding yellow* achre. Some 
persons tn.c ink*for a black f *tam, and 
others put drop black in the varnish, 


but the black stain above mentioned y; 
preferable to all others. The sticks arc 
to be polished and varnished after the 
stain is dry. The bottom ends of 
‘ walking-sticks should be guarded from 
excessive wear by a neat brass ferrule, 
but these are more cheaply bought 
than made. They should be secured to 
the stick by two small screws, otie,^ 
on each side of the stick, to prevent** 
them from coming off when they get 
loose in dry weather. 

The remaining diagrams in Fig. 350 
indicate as follows : — r, blackthorn 
knob in the rough ; G, ash root as dug 
up ; if, ash root trimmed ; J, ash or 
! oak knob as pulled from pollard or 
' stump; K, the same trimmed; i. f stick 
bent and trimmed to form a crook. (<J. 
Edwinson). 

(3) Use Judson’s simple dyes; they 
are so clean, and moreover so economical 
in their application that they take the 
leading part in all work of fancy) or 
intricate workmanship. Put the stains 
on with a camel-hair brush, diluted 
with water. For dark stains use copal 
varnish, or purchase some from a coach 
painter. For light woods use the light 
crystallised varnish, such as is used for 
tlu* tops of withstands, &c. Old dam- 
aged sticks that are varnished should 
have the varnish eaten off with liquor 
ammonia*, then rinsed, scoured, stained, 
and varnished again. 

( 1) Make a solution of 3 parts glue 
in 100 of warm water ; to this add 1 
part whiting, 2 parts orange chrome. 
Mix well. Apply hot with a soft brush 
j to your sticks. When thoroughly dry, 
rub down with a pied of dry flannel. 
Apply a second coat of colour if deeper 
tints be required, or usd burnt umber 
| and brown ochre for oak tints. When 
j dry, apply the following varnish: — 
(’oarsely-powdered copal and glass, each 
4 oz. ; alcohol, 64 O.P., 1 pint ; cam- 
phor, J oz. To be heated over a. water 
bath, with constant stirring, until the 
copal is dissolved. When 1 cold* decant 
the clear portion. Be careful that the 
alcohol docs not inflame. ^ 
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This (lone, the building of tin* boat may 
now be commenced — if po&iblc under a 
rainproof shed — by laying the heel and 
tenoning to it the stem a on Fig. and 
sternpost « on Fig. 1), Should the keel 
not be thick enough for tenoning, it 
may be box-scarfed, by cutting away 
half of each. After tins the keel must 
be fixed in the stocks, the stem and 
sternpost plumbed to see if they are 
true, and thereafter staved by pieces of 
wood from the lloor oi the workshop. 
The keel should be out, terhnhaliy 
speaking, rabbeted, as shown in «, 
Fig. E, so as to allow the garbnard 
(drake to fit in the stem, and sternpost 
sliould also be cut in a similar manner 
where shown by the lines b in Figs. C 1> . 
A stout piece of wood is now nailed 
from the top of the stem to the stern- 
pod, in order to keep them better 
together, and afford additional support, 
to the moulds when inserted. The knee 
r in Fig. D, apron c in Fig. <*, and 
transom b in Fig. I), are now inserted; 
the holes being bored with a fine auger, 
the nails being driven in from the in- 
side, and securely clinched from the out- 
side, as shown by Figs. Cl>. Oak, 
ash, or elm is generally used for the 
foregoing, and all bunt timber must be 
grown. The moulds can now be placed 
in their position and firmly secured. 
Thereafter, measure the. half girth of 
the midship mould, and divide it into 
an equal number of sections, after 
allowing about -J in. for the landings at 
each plank or stroke. Having deter- 
mined upon the number of strokes, 
mark olf an equal number on the stem, 
rabbet line, sternpost, and transom — it 
will be seen that the strokes Japor con- 
siderably foro and aft — and begin plank- 
ing. To do this, a novice may require 
an apparatus for steaming the planks, 
that they may bend more easily. This, 
although it must bu steamtight, need 
not be an elaborate aflair. A wooden 
bov of the desired length, and about bin. 
square igisidc measurement., with a door 
at either end, will r sutlice. If the 
builder cannot secure strain from a 
boiler, lie will ^require to pla^e this box 
up< legs sufliciefitly high tfJbfcly to 

t 


allow a fire and pot underneath, from 
which he can make a wooden steam pipc^ 
to the box above. The garboard stroke 
— the plank nearest the keel — is fitted 
on first, and so on upwards. Some ol 
the strokes will be fount to be curved 
or “sneyed ” in a curious manner ; but 
the correct curve of the. stroke to lie 
fitted on can generally l£ -got by clamp- 
ing it to the. preceding stroke, nnd^ 
marking the curve with a pencil. The 
strokes are nailed together in the fol- 
lowing manner: — The stroke to be 
fitted on is secured in its proper place 
by clamps or wooden screws, a hole is 
bored through both planks at the land- 
ings, a roving nail is then driven in 
from the outside through a roove in the 
inside, which is held in its place by a 
moving iron — a hind of pincers which 
allows the nail to pass through. The 
end of the nail is then cut. olVall but a very 
small portion; a bolder-on is then put, 
to the back of the nail from the outside, 
and the inside portion of the nail still 
remaining is hammered back upon tluf 
move, 1h us, in a manner, forming a rivet. 
At the stem, sternpost, and transom, of 
course, the nails are simply driven in. 
It. may be necessary to bevel the edges 
of the bilge stroke with a plane, in 
order to keep the correct curve. The 1 
planking almost invariably is of yellow 
pine, and some boat, -builders recommend 
painting the landings with red lead, 
when the strokes are put together, 
alleging that it keeps them from rotting 
the better. After the planking is 
finished, the moulds are h.ken out of 
the interior, and the timbers are in- 
serted, being clinched # in a sithilar 
manner as the strokes. They are gene- 
rally of elm, or other hard vnod, and will 
require about 4 hours' steaming. The 
floors h iu Fig. !b r >2 K are next inserted, 
but are not as yet clinched, as, after 
being steamed and nailed in their posi- 
tion for a day or so, they are removed 
to be joggled — cut to fit the planks — 
as shown in the diagram. . If £rown 
timber can be had, the floors can be 
joggled and put in at once. The floors 
extend from bilge to bilge, and are of 
hard wood. The gunwale is now fitted 
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*u. This ran he (lone in several ways: both sides, as si hv lig. H. A 

iK’ rutting down the timber heads a I stringer ft, in* Fig. F, is now put on on 
Midioient depth to allow the gunwale to | each side, running from how to stern, 
ir.st on them and lie flush with the top i and clinched through the timbers mi 
■ trake by rutting away h in. or so olF j which the seats in c Fig. F rest. Tin 
the top of the timber heads, and joggling ' seats are also clinched to the knees d m 
the gunwale to admit of their insertion ; Fig. F. The.se knees are also clinched 
or as is shown by rf, Fig. F, by rabbeting to the top stroke. The how and stern 
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the gunwale and fitting it on over the bolts, bow and stern gratings, and 
to] i strake, to which it is either clinched bottom boards are now made and put in. 
or nailed. If either of the two former 1 The bottom boards ’are nailed together 
plans N^ere -adopted, the top strake before being put in, syid then secured bv 
should be of elm. The gunwale is of a clasp, that they may be easily re- 
^boxwood. A stout knee is inserted and moved for cLjning the bottom of the 
secured at the hase, as shown by Fig. (5. boat. The cudder nojy alone remains 
A knee is also inserted at the transom ,to be mainland is bung on pintles, as 
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shown m l’ig. I>. For the equipment 
of such a boat as Ibis, the builder may 
calculate that oars will cost Gd. per 
lineal ft. The anchor should weigh lib. 
per ft. of boat in length, but if a sailing 
boat with ballast, 1J lb. per ft. In 
that case, a step "ill required to be 
made Ibr the mast, which should he 
nailed to the keel. All the nails used 
in the construction of the boat must, be 
of copper. Also an iron clasp to ca' h. 
The mast must be fitted to the seat, the 
s**:it being cut to receive half of the 
girth of the mast. For the mast a good 
Norwegian pine— homo-grown timber is 
useless — -about. ‘JO It. can be got. for 
about, .‘>s. in its rough condition, and is 
dressed by an adze before being planed. 
Longitudinal cracks are of no conse- 
quence in a spar ; but the slightest 
flaw transversely denotes that it is 
sprung — so useless. This never occurs 
but in masts which have been used, 
when care also must be taken that there 
are no signs of rottenness anywhere, 
especially at the hounds. A sail — pre- 
sumably a lugsaii — of best duck will 
cost, about Is. 4<7. per sq. yd.; but if 
the builder desires to make it himself — 
a dillicult and delicate task — good duck 
can lie purchased for flr/. p**r yd. Duck 
is most suitable for all descriptions ol 
small boats. In anv case avoid cotton, 
as it does not hold the wind, is very 
frail, liable to rot., and soon turns an 
unchangeable dirty colour, dishearten- 
ing alike to sailor and spectator. Boats 
similar to that gixen here are very 
commonly built “ double-bowed that 
is, the bow and stern are shaped alike, 
the lines at the stern being a little 
fuller. Opinions differ ,as to their 
respective appearances ; but if it is the 
builder’s desire to have a boat, that 
shall “laugh at all disaster, and with 
wave and whirlwind wrestle,” lie could 
nut do better tlum build it in this 
manner, as besides possessing many 
minor advantages, *a boat so shaped will 
run before the wind in a gale that her 
“sqnare-sterned ” consort could not be 
kept afloat, minutes i%,, (.1. McCasli). 

( b .) Take lO^pr 11 cedar boards J in. 
thick, and not less than /; 7 in. wide; 


also, ‘J cedar boards 1 in. thick, 14 in. 
wide, and 13 ft. long, free fnflu 
knots. The latter will be called the 
sideboards. They should both be «»t 
same quality, so that one will bend a* 
easily as the other. Cedar is used 
throughout, except where the name of 
the wood js given. 

A piece is cut, shnpff! like Fig. 352 A, 
with the entire length 4 ft., the width 
12 in., and the distance d from the end 
to the dotted line 4 in. We will name 
this the cross-board, A piece of oak is 
rut of similar shape, hut making the 
entire length 20 in., width 13 in , and 
distance d G in. ’Phis is the stern-piece. 

Hot h ends of each side-board arc 
sawed oil' bevel, like the ends of the 
cross-board, and with same slant at 
both ends. The )>e\cl at one end of the 
side-board should he the reverse of that 
at the other, making one edge 12 ft. 8 in. 
long, and the other 12 ft. The side- 
hoard has t lie appearance of Fig. A 
elongated. The tapering of the side- 
boards at the ends, necessary in fclu* 
construction of a scow, is not required 
here. The necessary upward curve of 
Ihe bottom is obtained by the bending of 
the side, boards, as described hereafter. 

Set the side-boards b , Fig. 11, on edge 
parallel with the longer edges upper- 
most,, and at about the middle place 
this cross-board i between, also with its 
longer edge uppermost. Nail the side- 
boards b lightly to the cross-board /. 
With the aid of ropes, draw two ends of 
the side -boards together; the other ends 
draw against the stermpieee r. In a 
piece of oak, about 10 in. long, cut 
grooves throughout, fits length, and 
make it cross section like Fig. 0. Thh 
44 stem-piece,” as it is called, is placed 
between the ends of the side-boards that 
were drawn together. After altering 
the shape of the stem-piece, if necessary, 
so that the ends of the side-boards shall 1 
fit. closely into the grooves, the side- 
boards are securely nailed to both stem- 
piece and stern-piece. The projecting 
upper end of the stem-piece is sawed otf, 
and the boat is inverted carefully. y 

The convex edges of the side-board? 
are planed down 1 in. or more at the 
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middle c Fig. D, so that the bottom (tlio 
boat is now bottom up) may bo flat 
from a to h 9 making easy curves at a and 
b. This flattening of the bottom is not, 
useless, the draft being thereby dimin- 
ished, and the speed probably increased. 

bottom boards * in. thick are nailed 
on crosswise (Fig. K), and the projecting 
ends are saw of oil*. A long bottom 
-board is put in, and the cross-board, 
which was 'only temporary, is knocked 
out. 

Fig. F represents the .seat, at the bow. 
The cross-piece » is secured by nail?, 
driven th-^igh the side-boards into its 
ends, as at p. In Fig. G, which represents 
the seat at the stern, the cross-piece / is 
fastened in the same manner. There is 
a cleat at /:. The seats in both bow 
and stern are about 3 in. below the 
edges of the Bide-boards, and the seat- 
boards are lengthwise. 

AVe arc now’ ready for the “ upper 
streaks/* as they are called. Two strips 
are cut 32 ft. 8 in. Jong, 2 in. wide, and 
1 in. thick; two notches, each in. 
long, and nearly 2 in. deep, are cut in 
the upper edge of each side-board, 
Fig. II. They are 8 in. apart, and the 
point midway between them is 5 ft. 1 in. 
from the stern, measuring on a straight 
line in the middle of the boat. All the 
longitudinal measurements hereafter 
given are upon this line. 

The upper streaks are now nailed on 
the outside of the side-boards even with 
the upper edges of the latter. The 
joint made by the upper streaks at the 
bow is show4i by Fig. J, in which a is 
the stem-piece, d the side-boards, and <• 
are tne upper**streaks. The rowlocks 
are now completed by a short strip »/, 
Fig. K, strongly screwed on the iusidc, | 
% over the notches. Make tholepins, and | 
lit them into these mortises. It is often 
convenient to have another pair of row- 
looks about 2 ft. nearer the bow r , that 
wheij a person sits in the stern, the 
rower may shift forward to better dis- 
tribute the "weight, for a boat rows bard 
when the stern is weighted down. 

Make two cleats for the rower's seat, 
with their aft ends G ft. from the stern, 
and their upper edges 7J in. below’ tin* 


edges of the tide-boards. Saw oil a 
seat-board 3 tt. 10 in. long. 

Invert the boat and fit a piece of 1 in, 
board, 71 , Fig. L, upon its edge, at the 
stern, upon and perpendicular to the 
bottom. It is fastened at g by a screw’, 
between g and m by nails driven into it. 
through the bottom from the inside of 
the boat, and by the strip m of the 
Kune thickness, nailed on the end of n 9 
and crossing the stern-piece vertically, 
to which it is screwed. 

A j-in. hole is bored through the 
stern-piece at Fig. M, through which 
the painter, 10 ft. long, is tied. An 
iron strap, shaped like the double line 
in the same figure, is screwed to the 
<*u tw ater. 

The proper length for oars is about 
7 ft. 

The boat is now caulked, unless 
already rendered water-tight by an 
equivalent method. Nail-heads are 
entered with putty, two coats of paint 
are applied, and the skill’ is completed. 

.Anemometers. 

(</) Fig. 358 is a dimple ancimuuet.r 
that anyone can make : <t is the pics.-oiie- 
plate, exactly G in. square, made of gal- 
vanised iron and fastened to the pillar ol 
a in lh. spring balance b; the cylinder 
of the balance being fixed to the vertical 
tube c 9 which carries the vane, &c., to 
the end of the iron roil, in balance, is 
attached a wire which passes over a 
wheel inside c, shown in drawing, but, 
of course, in the tube, and so that the 
copper wire can go down centre of c to 
the weight of </, which must have a 
slit in oi*e side to run oxer a wire 
soldered inside/; this keeps lower wire 
straight and prevents torsion. 'flu 
wire in joined up in two at the bottom 
of </, and the two wires should he con- 
tinued down to the bottom. The vane 
is of the usual form, but should form a 
balance for the otlfcr side, and must be 
weighted to form tjie balance necessary. 

uni* id iuii 1*1 ii uni u u w ii iiiLu ini- 

room inxvh&di dial is fixed. Here make 
a dial 1‘^i*. dianiete^and divide it into 
80 divisions, each division being a fVI 
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inch from the : thesc^ divisions will ( b ) A multiplying anemometer, rim 
i ml irate pounds, and if you divide the plieabh* to the* measurement ot tlm 
sj)ares between earh into 5 \»u will veloritv of air-currents, to meteoro- 
ha\e even tiling )»n require. The logical observations, and to the deter- 



Si in pie anemometer. 

centre wheel has a groove, and its cir- shown in 


niiuatioii of watertlow, con- 
sists of a tube formed of two 
truncated conical tubes, the 
smaller ends ot which are of 
the same Siva (V enturi’s 
tubes). In tli is tube a muck 
smaller one of similar con- 
'd met ion is placed, as shown 
in hg. oo-l. If greater deli- 
cacy be required, a third may 
be added, the whole system 
being eccentric, (tig. «">.V>). 
The constricted pait of the 
outer compound tube is sur- 
rounded by a hollow jacket, 
and connected with it by the 
small interval which sepa- 
lates t lie two truncated cones. 
This jacket is in connection 
with a water-thermometer, 
which indicates the velocity 
of the current t« he measured. 
This arrangement for a single 
compound tube is shown in 
Fig. .’156. The utility of the 
instrument depends upon the 
fact that in such a case, as 
Fig. ‘>50, the reading of the 


«,u inference should be exactly the length manometer attached to the jacket is 


of the rod in balance, or rather the : 


length from 1 to 9 lb., every pound | 
giving 4 lb. on dial. Now fix at the j 
end a thin wire or watch-chain, the 1 
latter would be better, the old chains : 
used in our grandfathers' verge w T atches | 
— this, bv the bye, must he connected j 
to upper as well as lower wires ; to the 
bottom one then hang a weirht just suf- 
ficient to keep finger in place. Having 
all done, get another similar balance 
and fix it up against dial-plate, letting 
it mark 1 lb.; this will be 4 lb. on dial 
down below; mark this on the dial; 
then let upper balance be pushed on to 
2 lb., mark 8 below}* and so on till the 
whole* dial is marked, then divide and 
mark pounds. You may go over this 
agaic and again until ^ have care- 
fully maiked tly dial, and your ane- 
mometer will he finished. J. L.) 


35 1. 355. 3:>e. 



Multiplying anomoiu-ter. r 


several times that indicated by ay, 
manometer at the orifice of the tube. 
The former is of course negative, whiht 
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f^liP latter is positne. The relation 
between Hip two may he, for example, 

<• : l. In au instrument consisting of 
two comjmuud tubes, and in oiip of 
three tubes, the readings were related 
to tlm.se at. the orifice in the proportions 
> n : 1 and 80: 1 respectively. The in- 
strument. is simple, rigid, jmvtablo, and 
inexpensive; it affords a check on the 
ventilating apparatus of mines, and by j 
a simple clink work arrangement could ; 
he made to indicate defective ventila- 
tion; lastly, its multiplied reading con- 
duces to great- accuraev. 

• -s' I 

Angles, Measuring. 

A simple means of measuring angles is 
shown in Kig. 857. The hoard a usually 
of deal, which should he about 15 in. I 


ar>7. 



~gT~ 

•Men uriiig angles. 

square, underneath it has screwed on to 
it in the centre a brass boss, which lirs 
into a similarly shaped recess :» the. 


wooden hend^if a lidding 1 ripod st -nd. 

A bra^s clamping sciew passes from 
below through a hole, in the centre of 
the tripod head, and screws into the 
brass boss on the board. 1 »y this means 
the hoard, or plane table as it is here 
termed, can he smoothly turned round 
horizontally into any position and 
securely clamped there. 

On the top of tin* hoard is parted or 
glued a cardboard protractor />. r Jhesc 
protractor* are about l l J in. diumetoi, 
and are graduated to -J degrees, and can 
he bought for a small sum. Care 
should he taken to attach this flatly to 
the hoard. 

The next essential is a fright-rule r. 
This consists of a flat piece of some hard 
wood about 15 in. long by ‘2J in. wide, 
and ]-* in. thick, having one edge 
he\ el led. On each end is fitted centrally 
a brass sight-xane — one d having a wide 
slot through its upstanding pavt, down 
t In* centre of which is fitted a tine wire 
or hair; the other c has a tine slit down 
its centre. 

To measure an angle between two 
objects, the plain* table is set up as 
lex el as possible by eye, the sight rule 
i' placed across the centre of the pro- 
tractor, and pointed in the direction 
of the left-hand object, the eye being 
applied to the slit in r, and the xvire in 
d be>ng brought into coincidence with 
the object. Care must he taken that 
the bevelled edge of the rule lies nearly 
over the centre of the plot motor. 
This is easily oiiMired bv placiug the 
finger or the uncut end of a pencil 
touching the centre point., and using 
this as a pivot round which to turn the 
rule. Th%» graduations of the pro- 
tractor cut by the bevelled edge of the 
rule are then read at each end, and 
their mean is taken as the true direc- 
tion of the object. A similar obser- 
vation is then taken to the right-hand 
object, care being 5^1 ways taken to use 
the mean of the readings at each end of 
the rule. The difference hctwjen the 
readings to the two objects give the 
j angle requMwfc •» ^ 

! A mos$ .Surprising fc?gre<ytfi accuracy 
I can be obtained by the^ use of tins 



411 


ANGLES, MEASURING. 


simple instrument by n?peatiug the 
obser rations on a different part of the 
graduation. It is, in fact, a very fair 
theodolite without the telescope. 

If a magnetic compass is used in con- 
junction with the plane table, and by 
its means the table and protractor be 
turned round and set magnetic north 
and south, accurate magnetic bearings 
of objects can be obtained with equal 
facility. (C.) 

Barometers. 

(1) To make a cheap. Obtain a 
straight tine glass tube, about 33 in. 
long, and with a clean interior, sealed at 
one end, and having an evoe uniform 
bore of about lb} lines diameter. The 
mercury to be used should be perfectly 
pure, and free from all air and moisture. 
This hitter requisite may be assured by 
heating the mercury in a porcelain dish 
to nearly the boiling-point, previous 
to using it. The tube is then held 
securely, with the open end uppermost, 
and carefully filled with the liquid 
metal. The open end of the tube is 
then securely covered with the finger, 
the tube is inverted, and the end is 
covered by the finger plunged below 
the surface of a little mercury placed 
in a small vessel to receive it. The 
finger is then removed, when the mer- 
cury in the tube will immediately fall 
to a level of about 30 in. above the 
surface of that in the small reservoir 
below. In order to attach the scale 
correctly, it will be necessary to com- 
pare the indications with those of some 
good instrument. 

(2) Exhaustion of tubfts without ■ 
application of beat. The defects in- 
herent to the methods at present fm- , 
ployed for exhausting barometer tubes j 
induced Klobukow to study the various I 
methods, especially that of Bogun, I 
adopted in meteorological observatories, j 
14y a modification of the latter he sue- | 
ceeds >.a producing »'i complete vacuum 
by means of a mercury column without 
application of heat — Bdg; .»*» method. 
A well-drh ^ hart meter tubfc i/charged 
with pure mercury, the i imprisoned air 


is removed by shaking, and the orifi <9 
is closed with the finger ; it then is in- 
verted over a mercury trough, partly 
immersed in the metal, placed in a 
vertical position, and the surplus of 
mercury allowed to escape. The tube 
is again closed by pressing the finger., 
on to the open end, brought, in a hori- 
znntal position, and genii y shaken for a 
short time. After a portion of the aijT 
embedded in mercury has entered the 
vacuum, the tube is transferred to the 
trough, manipulated as before, and the 
operation is repeated twite or three 
tunes till the mercury is fret»d from the 
adhering air. When the section of the 
tubing is reduced to that of a capillary 
tube, the filling with mercury by this 
method is impracticable ; this difficulty 
is overcome by the following modifica- 
tion. 

The barometer tube b being filled 
with mercury in the usual way, is con- 
nected by a rubber tubing of 2-11 in. 
long to a glass tube, open at both ends, 
of the same diameter and length as l>\ 
the tubes arc placed in the position as 
shown in Fig. 358, and a is filled with 
mercury. Care being taken that no air 
remains confined in the bend c, a few 
taps should be given to the rubber tub- 
ing by the hand, or pressed by the 
finger with sufficient force to cause the 
emission of a few drops of mercury. 
By introduction of an air bubble into 
the tube </, and partial closing of the 
orifice with the finger, all air confined 
in the rubber bend is expelled by com- 
pression of the rubber. Vhe compres- 
sion being maintained for a few qgfeonds 
till a small portion of ftic mercury has 
been forced out and the tube hermeti- 
cally closed, when the tlosed end is 
immersed in mercury, and the finger, 
withdrawn from the orifice, Fig. 350. 

The following operation consists in 
the formation of a vacuum : — By rais- 
ing the barometer tube b , Fig.360, it then 
is lowered while a is moved in a nearly 
vertical position, Fig. 361, which causes 
a migration of the previously produced 
vacuum fg to the opposite portion hi 
of the. tube. The exhaustion of the 
tube is repeated twice or three times, 
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■icing which the tube is gently moved 
until the characteristic sound of the 
metal, on lowering and raising of the 
t ubc, becomes audible. After complete 
exhaustion, the tubes are disconnected, 
b is closed and immersed in mercury. 


of the fine tu.be being open, the ex- 
panded air gets out through this end. 
Next, before th air has had time to 
cool, plunge th- open end of the lube 
below the surface of a vessel containing 
mercury. As this air cools it shrinks 
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The charging of a with mercury is 
effected by means of a small funnel, 
Fig. 358, and a complete exhaustion of 
t lie tubing is attained within 20-30 
minutes. 

The method, is applicable to siphon 
and cistern barometer, and can also be 
used ft* the exhaustion of capillary 
tubing ; the employment of an air pump 
and application of heat in exhausting 
the latter will greatly accelerate tin* 
uperation. The 'manipulations which 
the method requires arc simple; they 
can be performed with good results by 
persons unaccustomed to experimental 
work, * always giving an excellent 
vacuum. 

(3) How to fill a tube with quick- 
silver. Having got the tube which is 
open at one end (narrow end), heat the 
bulb in a flame ; in doing this the air 
in the bulb expands; but the other end 


into less bulk, and the pressure of llm 
air from without drives the mercury to 
occupy the vacant space. Part of this 
mercury will thereto] e be driven into 
the bulb. We next take the bulb with 
the mercury in it, and heat it well 
above the flame of a lamp, bulb, tube, 
and all. The mercury will .soon begin 
to boil, and its vapour will bo driven 
out, and tin air before it, until bulb 
and tube will both be tilled with 
vapour of mercury. When this h done, 
we plunge the open end of the tube once 
more into a vessel of mercury. As there 
is only vapour of mercury in tin* tube, 
when this cools it will condense, and the 
mercury in which the instrument is 
plunged will go into .the bulb amUtube. 
and it will be filled. Be very caret'* 1 
not to info*? the meroury^ fewu'.s. 

Ql. W.) * • * 0' 

* (4) Apportion of Wn^ht’s appa- 
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rat us for distilling, to ^he filling of 
barometer tubes. Jn Fig. 302, a is a 
vessel full of impure mercury ; b a tube 
about 30 in. long ; r an enlargement of 
h; fl and c tubes inclined in opposite 
directions; / an arm for connecting 
with a Sprengel ]>ump; g a tube a 
little over 30 in. long; h a reservoir 
with an outlet to the air; h is filled 
with pure mercury. 


3C2. 



The air is now exhausted through / ; 
the mercury rises in b and.#/ until <: is 
irtially filled ; a Bunsen burner is 

' distils 


IV K'V i I1UU1 KV\« 1*1 M j Uli VII »M 

meant of a short rubber tube this cock 
.•"n he connected with the open end of 
the* barometer tube to fee. /tiled, which 
latter w'rt^.take ^)ie general position of 



The rubber tube must be covered 
with melted sealing wav. The impure 
mercury in a should first be washed in 
acids and dried before introduction. At 
the beginning of operations, a is full ni 
impure mercury, but the rest of the 
apparatus contains only air. The 
Sprengel pump is sej^ in motion and 
gradually exhausts the air from b 9 c, d, c 
and the barometer tube, until no \mr 
bubbles can be seen in the running 
mercury of the Sprengel pump, and 
until the sharp click is heard when the 
drops of mercury fall. The tube / is 
then sealed or a stop cock iifit is turned, 
i cutting ofF the Sprengel pump; the 
Bunsen burner under c is lighted, and 
the. mercury will distil over into the 
j 1 ammeter tube, which will thus be 
tilled without allowing the mercury to 
| come into direct contact with the air. 
i The barometer tube should be con- 
| stantly watched in order to detect any 
air bubbles that mav be carried over ; 
when seen they must, he cooked out by 
' heating tin* tube slightly by means of a 
; Bunsen burner. When the barometer 
j tube has become filled with the mer- 
| eurv, the cork at x can he closed, the 
! sealing wax is broken, and the tube U 
1 replaced by another. (F. Waldo). 

| (o) Cleaning barometer tubes. To 

j clean the tube of a film, &c., get a piece 
j of iron wire and fix on the end of it a 
i piece of wash-leather. It must be very 
i iine wash-leather, cut into narrow 
| strips; wrap the iron wire from end to 
1 end, leaving a thicker piece at the end 
to tightly fit the tube. f 

(‘lean with warm water, soda, and 
soap - powder, afterwards witff cold 
water, using the covered wire all the 
time, of course replacing the wet with 
dry leather to finish. If the wire is no^ 
covered, the tube will most assiiyedly 
break, if not at the time, certainly 
within 48 hours after using the wire, 
('lean the mercury with nitric acid and 
water, say, for 4- bib. of mercury, 4 tea- 
spoonfuls of acid, and 20 tcaspo^nfuls of 
water ; put the whole into a soup-plate, 
and put it in the oven or before the fire, 
and heat tip to about 140°-150° F., 
stirring it at intervals until the acid 
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forms a sort of a powder or refuse on I 
the toj> of t he mercury. When cold, 
run the mercury through a fine paper 
cone a few times, and then it is lit for 

(fi) Use double cotton-covered copper 
wire, such as is used for electrical pur- 
poses. With svmli, 1 have never broken 
a tube. The iJusa that suggested such j 
to me was a most ingenious form of 
diamond for cutting gauge-tubes. It I 
was a short metal rod covered with | 
cotton with the diamond arranged at ! 
one end. j\n adjustable stop at the end \ 
next the hafhl gave the length requited. 

1 iy inserting it in the tube and gently 1 
turning it with the diamond part against 
the inside of the tube, the inner skin j 
was cut through and the tube easily 
parted. It was found in practice an j 
advantage to subsequently anneal the 
cut end. This gave me the idea of 
using a metal rod with Safety to clean a 
tube with; and, as already stated, 1 
have never had a smash. l>ut I need 
•hardly sav I never attempted to force in ! 
too tight n v. ad of washleathcr. On the j 
contrary, it. fitted very loosely. j 

t7) Siphon barometer. A few 
words must first lie said regarding tin 
selection of the glass tube, as on its 
fitness for the purpose the instrument V 
future excellence will very much 

depend. Ordinary white, easily fusible j 
glass tube should not be used, as the ; 
mercury is apt to attract its o*ide of 
lead, and not only become impure, hut 
by adhesion to the inside of the boie 
hinder the frfo oscillation of the baro- 
metric column. The proper kind of 
tubing is that Yi»hich shows a greenish 
tinge in the glass when looked at end- 
ways. For either of the instruments 
shown in Figs. 3011 or 3Gd, it should not 
he l(jps than J in. outside diameter and 
i-in. bore ; and if slightly larger may 
still be used with advantage. 

t For the siphon barometer, Fig. 3G3, a 
piece of tube about 38 in. long is re- 
quired*. This is to bo well cleaned by 
running, through it plenty of warm soft 
water, while at the same time a little 
swab made from a piece of soft, fine 
limn, tied in the middle of a 091 d, ib 


::G3 3gi. 
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Siphon and cistern barometers.''* 

j mlled thrash the* bore rfrora end V# 
end. Aft,c*> the wnter*has draina^out, 
alcohol, iir^hich precipitate chalk i& 
^ \2 13 



418 


UAIiOMETKKS. 


suspended, should be applied to the 
inside bv mean* of the swab. A clean 
swab, moistened with alcohol, will 
remove the particles of chalk, when, 
the cord being withdrawn, distilled 
water is to be poured through, after 
which the tube must stand in an up- 
right position till it has drained per- 
fectly dry, a little cap of paper, mean- 
time, being placed on its upper end to 
exclude dust. The inner surface of the 
tube must finally be polished with a 
small piece of soft washleather fixed on 
the end of a clean, smooth brass wire. 

The tube thus cleaned and dried is 
now to be closed at one end by drawing 
it apart in a gas ilame about ‘2 in. from 
the extremity. The narrow pointed 
end, which forms when the tube is 
drawn asunder, should he pressed and 
rotated in the Uarne till a substantial 
and well-rounded closing has been ob- 
tained. About .‘1*2 in. from the scaled 
extremity a (j -shaped bend is to be 
made, (’are mu.-.t be taken to make 
tbe curve a gradual one, as failure in 
this respect would not only ’mar the 
appearance of the instrument, but 
might also tend to narrow the bore and 
make the bend a weak point. The arc 
of the curve is to be 1} in. The longer 
limb of the siphon is thHs .'1*2 in. long, 
and the shorter one about 3 in. The 
short limb is not to be bent dow r n quite 
parallel w'ith tbe longer one, but should 
make a slight angle with it, to render 
the subsequent introduction of the mer- 
cury more easy. The tube a is to have 
adapted to it a supporting stand 6, 
which may be a piece of dressed walnut, 
34 in. long, 3J in. wide, and about J in. 
thick, rounded off at the top, and fur- 
nished with a brass screw ai 1 ring for 
hanging up. A shallow groove, curved 
to correspond with the bent tube, is 
made on the wood. The 3 small brass 
clasps c, provided for attaching the 
tube to its support, t may be readily cut 
from sheet-brass, polished, bent to 
shape, and drilled jvith a hole iu each 
t end to receive the appropriate small 
tmjgs screws; The slidiif£-»j&le support 
d is "a clio of che. ry or mahogany, 1 in. 
wide, ,v. thick, and r s5 in long, 


having two longitudinal cuts l mudy 
therein, through which pass the screws 
/, which fasten it to the walnut, scale 
and allow of its motion upward and 
downward. These s crews may be of 
brass with milled heads, or a cheap and 
excellent substitute may be tuund in *2 
brass buttons with scregr-stems sold for 
fastening carriage aprons. These are to 
have their stems passed through the. 
longitudinal cuts r, and screwed into 
appropriate holes in the walnut support 
till theii projecting shoulder^ bind on 
the scale support and prevent it from 
moving, except W’hen required. The 
bottom ft of the sliding scale support is 
a piece of sheet- brass cut to shape and 
attached by two small rivets or screws. 
Hs angle or corner * is used as an index, 
as will afterward be explained. A 
scale k made of a piece ot ivory veneer, 
4 in. long and about 1} in. wide, \> re- 
quired for the upper end oft lie sliding 
support. This must be carefully and 
accurately divided into inches and 
tenths, the lowest inch mark being 
numbered ‘2SI/’ the next “ 30,” and 
the upper one “31.” It will he well to 
have tins figures and lines done by an 
engraver; but, if economy be a con- 
sideration, tbe markings can he very 
well ruled with a tine pen, and after 
the ink has dried a coat of thin dammar 
varnish wiU protect the lines from 
injury by moisture. The ivory scale is 
now* to be fixed to the sliding support, 
with the upper end of which its top 
exactly corresponds. If the measures 
have been correctly made, its 30-indi 
mark will now be situated exaef. 30 in. 
from the bottom of *the brass index. 
An excellent cement for attaching the 
ivory to the wood is ntade of a little 
isinglass dissolved by heat in equal, 
parts- of alcohol and water. ..The 
walnut support b should receive two or 
three coats of copal varnish. The 
cherry wood slide d may either be 
finished with boiled linseed oil or var- 
nish, according to taste. 

All parts of the instrument beiug 
thus fitted, it only remains to intro- 
duce the mercury. For this purpose 
the tube ct being detached from the 
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.•^upport, is placed upon a level table and 
sustained bv small pieces of wire, so 
that the short limb is uppermost, the 
long limb lying flat upon the table. 
The mercury used should be as pure 
as possible : though if freshly-distilled 
mercury cannot be had that of com- 
merce may be used, provided it has not. 
become contaminated by lead or kindred 
metals. A fair test of the goodness of 
’fticrcury is made" by dropping a little 
into a clean white plate and causing it 
to run about. If blight round globules 
are formed, which readily coalesce and 
leave no tAils of discolouration on the 
(hum, the metal is suilicinitly pure. 
If, however, the drops become pear- 
shaped and soil the plate with dull, 
metallic splotches, the metal must la 1 
rejected. Before being used for tilling, 
the mercury should in any case lie 
forced through small pinholes in apiece 
of thin chamois skin to remove me- 
chanical impurities. The tube being 
tillel, is next raised gently into a 
Mertical position, xvit.li its closed end 
uppermost.. The mercury will descend 
a lew inches, showing the Torricellian 
xacuuni in the upper part of the longer 
limb, while at the same time it rises 
and overflows from the open orifice of 
the short limb. From the latter, 
enough of it should he displaced, by in- 
serting a small round piece of wood 
into the bore, to leaven couple of inches 
empty. After this it only remains to 
finish the instrument by attaching the 
tube ( t to its support with the brass 
clasps <' and Screws. A narrow* strip of 
green surface paper, 4-5 in. long, 
slipped behind* he upper part of the 
tube where the vacuum appears, is an 
improvenient*to the look of the instru- 
# inenf and an assistance when taking the 
rc^ngs. It will now be evident at a 
glance that by bringing the corner i of 
the brass index h level with the surface 
of the mercury in the short limb, as 
often as an observation is to be made, 
the, height of the mercurial column in 
inches # fond •decimals will at once be 
shown on the ivory scale. 

A small thermometer l fixed beside 
the sliding scale is at once a useful and 


ornamental addition to the barometer. 
A small cap* m of metal or wmod must 
be loosely fitted over the open end to 
exclude dust. (A. F. Miller), 

(8) Cistern barometer. The tube must 
be cleaned as already described, and 
closed at one end ; but instead of being 
bent it is left straight, ami cut oil' at a 
length of ;>2 in. Fig. .‘»fl5 shows a section 
of the cistern, winch is simply a small 
wooden cup turned neatly out of hard 
wood; its outside dimensions being 1.} 
mi. diameter and *Jj in. high, and the in- 
side e.mty being 1J in. diameter and U 
in. deep. A cut made with a tine saw 
along the line a separates the limb 
neath part of the cistern as a small 
wooden ring, to the bottom of which 
must he glued a piece of stout wash- 
leather by made loosely convex so as to 
bulge readily inward and outward, 
forming the cistern- bottom and supply- 
ing a movable surface on which the 
atmospheric pressure is to act. A hole 
e in the dosed top admits the pipe <f, 
which passes down into the cistern till 
its end is level with the line of division 
o, and is secured in place by being 
cemented where it goes through the 
wood of the top. A small hole c for 
adjusting the height of the mercury is 
made J in. below the closed top of the 
cistern, and stopped for the time with a 
little wooden plug. 

The tilling with pure mercury is to 
he done as already described in the case 
of the siphon, except that the tube may 
now be placed in a nearly vertical posi- 
tion with its closed end downward ; a 
small straight funnel is to he used for 
pouring through. The cistern, which, 
owing to t lie position of the tube, is 
also to receive as much mercury as will 
fill it to the edge </, after which the 
ring-shaped piece, hearing the wash- 
leather bottom b is coated with glue on 
its saw'n surface and pressed on in place, 
so closing the cistern. As soon as th«* 
glued joint is firm, the tube may be 
turned up into proper position by 
placing the finger # on the wash leather 
bottom, HiiJk jessing it inward till tile 
orifice of Che tube is felt, when the 
whole is q.^ckly inverted. Thus no ai** 
V E 2 
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enters the tube during the moment of 
turning over; and as an ihstant later 
its opening is covered by the mercury 
of the cistern, the vacuum is now 
secured. Care should be taken, how- 
ever, never again to turn the cistern 
bottom upward. The tube being now 
in a vertical position, the level of the 
mercury is adjusted by removing the 
plug from the hole c when the super- 
fluous metal escapes and the column in 
the tube descends, leaving the vacuum 
above. The plug is then to be rein- 
serted and glued in place. 

The stand (which it is well to make 
and fit to the tube before the latter is 
idled) is shown in Fig. 3*>4. It may be 
of walnut, mahogany, or cherry, and its 
general style and linish must depend 
un the taste of the maker. A shallow 
groo\e down its centre receives the 
tube /, and an oblong cavity at the 
bottom admits the back of the cistern, 
while its front may be covered with a 
hollow ornamental turning <j as repre- 
sented. The scale h, which in this case 
should be 5 in. long, may be ruled on 
ivory as already suggested, though an 
instrument of this description is really 
deserving of a well-made engiaved 
scale, with a vernier giving readings to 
the hundredth part of an inch. Such 
a vernier i is a narrow piece of ivory 
lJ t in. long, provided with a groove to 
receive the inner edge of the ivorv scale 
along which it slides next to the tube, 
a hollow being cut in the wood of the 
stand behind the scale to admit of it-* 
motion. It is divided into 11 equal 
parts by 10 horizontal lines numbered 
downward from 1 to 10 , each of the 
divisions measuring therefore V„ - - x *, 7 , 
in. The 30-in. line of scalt^ is to he 
placed exactly 30 in. above the centre 
of the hole e, which marks the level of 
the mercury in the cistern. It is best 
to affix the seale to the stand by little 
brass screws. A small thermometer k f 
opposite the barometer scale, adds to 
the elegance and efficiency of the instru- 
ment. A slip of yeen surface paper 
should be pasted in the ;>vc behind 
the tube before the latter is t , fixed in 
place. The top of the tube / should be 


covered by a small turned button / of 
bone or wood. (A. F. Miller.) 9 

(9) There is no occasion to wash out 
barometer tubes at all if new, and old 
should on no account he used; the only 
cleaning required, and all damp inside 
the tube must be avoided most carefully, 
as it is almost, impossible to dry it after- 
wards, is a clean bunch 6 i cotton on end 
of a string passed through the tube once 
or twice, or swab of linen. On in;* 
account pass wire of any kind through 
glass tidies, as if you do the tube will 
infallibly break in a short time. The 
longer limb of the siphon nt.»d only he 
32 in., as the range of barometer never 
exceeds 31 in. The extra length repre- 
sents a terribly extra weight of mercury, 
and as that metal is very dear, a good 
many pence are saved. The mercury, 
if bought from a respectable firm, i> 
quite pure enough without being dis- 
tilled, hut on no account must damp be 
allowed to get to it before being placed 
in the tube. The best way of filtering 
the mercury is to take a piece of wri- • 
ting paper and well dry it before a fire, 
then twist it into a cone with a very 
fine hole at the bottom exactly like the 
grocers do up sugar in ; a little knack 
is required fin this, but will soon be 
acquired. Now comes the worst job of 
all, the tilling. The usual method is to 
shake it in. but it is a most difficult 
thing to describe. The proper way is 
to introduce an inch or two of mercury, 
very gradually warm the tube, and boil 
the mercury; allow it to cool, and add 
another inch or two; waim, boil, and 
allow to cool ; and so repeat till full. 

Hut I have never seer a siphoft tube 
boiled ; the air is thoroughly shaken out, 
until, when the tube is slightly inclined, 
the metal strikes the top of the tube with 
that peculiar click which show’s all, fur* 
is expelled. 

If amateurs take my advice, and do 
not boil, they will save themselves a 
good deal of trouble and loss, as very 
likely 3 or 4 tubes w ill fly during the 
boiling. Thus there is lossof tujhe, and, 
wbat is more expensive, mercur^ ; and 
I will promise that if the air is well 
shaken out, the tube xvill read withia 



BAROMETERS. 


421 


of a standard barometer. Of 
< ourse these remarks do not apply to 
pediment or standard instruments. 

The wooden cisterns are screwed, and 
the leather is laid on the bottom, being 
rut. to fit inside the flange. -Now fasten 
the tube in the top, the end of the tube 
being level vvi^i the bottom of cup-like 
depression in upper part of cistern. 
When fastened, till the cistern with 

* mercury up to level with top of cup, 
part screw on bottom with the leather 
previously fitted, and \oii will hud it 
securely lyjld between the two Mir lines 
of the, wood. fSlue a slip of paper round ; 
outside of joint, and it is finished. There 
need not be any hole inside if done tl. .. 
way, and therefore no glue used tli.it is 
at all likely to touch the mercury, as 
if once damp gets in the instrument is 

i uined. 

(10) The vernier should ho 1 5 ’ m in. 
long, and this should he divided into in 
equal parts, each part would then he 
e<jiinl to x \ t in. by - x \ t of l , l) in., that i' 

* to say to in. by , ^ in. or in. 

(1 1) Camphor Barometer, or “ Storm 
ulass.” It was discovered by our an- 
cestors that the height of the undis- 
M.lved camphor in a camphor bottle was 
different in different states of the 
weather, and it became quite customary 
to keep a camphor bottle in sight, in 
order to anticipate the change in the 
weather, it being thought that an in- 
crease in the height of the camphor 
indicated approaching raiu or wind, i 
The inventive genius of our age could ] 
not long allow- the instrument to remain j 
in tluip crude fojin. The camphor * and j 
alcohol were put into long glass tubes 

^hermetically jiealed at the top, and ad- 
justed in a frame with a thermometer 

* attached. The side of the frame next 
tlflMube was divided into three divi- 
sions. On the bottom one was marked 
the word Fair/’ on the middle one 
44 Change,” and on the top one u Storm/’ 
A note accompanying the instrument 

* Ot^er ingredients besides the camphor are 
now included. 1 find it stated that two pints 
camphor, one part nitrate of potash, and one 
part gal ammoniac are put into the alcohol, and 
n little wan r added. 


stated that, the weather was indicated 
by the word in the division with which 
the top of the chemical substance corre- 
sponded. It also stated that. the direc- 
tion of the wind was shown bv the 
sill stance being a little higher on the 
opposite side from which the wind came. 
These were manufactured and sold all 
over our country uhder the name of 
“Storm Cl lasses,” or “ Chemical Baro- 
meters.” One firm, mb pted the name 
of u Signal Sen ice Barometer,” and a 
number of people in possession of these, 
instruments really think they have one 
of the genuine barometers which the 
Signal Service use in its predictions. 

The fact that the manufacturers hav e 
hermetically scaled the top of the tubes 
fortunately assists in an invest ig.il ion of 
the cause of the instillment’s action, for 
it is evident at owe that the contents 
of an impermeable, air-tight vessel ot 
glass can neither be affected by vanu- 
tions in the atinospheiic pressure nor 
moisture. That light is not the cause 
of its action can be easily shown, for the 
chemical substance varies in height in 
t lie dark just as it does in the light. 
Neither can its changes be due to the 
action of the electricity of the air, for 
the changes of the tube take place tl e 
same in a protected shelter as they do in 
the open air, and the electric potential 
inside of a shelter is alvvnvs zero. We 
turn to changes of temperature for the 
cause of its variations, and find a most, 
satisfactory explanation of its action, 
if it is winter, one can easily convince 
himself of this by taking the instru- 
ment into a warm room. If now the 
instrument be hung out of doors, tie 
precipitate will in a little while inciea.se 
greatly rti quantity, and if the differ- 
ence of temperatnie is considerable, the 
alcohol in the tube will be filled from 
: top to bottom. 1 have a tube on which 
I have divided the length fiuin the top 
of the alcohol down to the bottom into 
ten parts, and these again into ten parts, 
so that 1 can read the height of the 
precipitate a^ny tfme in % lmndredths«..»' 
the greatest height to which it is 
possible for it to ex And. March 24. I 
1 found the\nstrument. hanging in my 
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room read 1! I on the scale, temperature 
inside of room 75°, outside 27°. I 
jdaced the instrument outside, and in 
two minutes little stars began to form 
at the side and to move down toward 
the bottom and up to the top again in 
the centre of the tube. These continued 
to increase in size, and in 5 minutes the 
alcohol was about J full of them. As 
these increased and the circulation of j 
the liquid becime slower, they began to | 
accumulate at the bottom and some- | 
what at the top, until in 20 minutes I 
the alcohol was full from top to bottom. | 
I brought it inside the house, and in a ; 
tew minutes the precipitate began to j 
take on a more attenuated appearance • 
and to slowly decrease in height. In j 
20 minutes it read 21 again, headings 
of the height of the precipitate taken 
every 10 minutes were as follows: 
4:55* 1\ M., 100; 5:U5 I\ M., <»:’>; 
5:15 P. M. HO; 5:25 P. M., 50; 
5:115 1*. M., 21. Another instrument 
with a scale arranged in exactly t lie 
same manner had been hanging outside 
for a month or two, and read 50 during 
the whole experiment. The instrument 
in my room was next put into warm 
water, and I found that at a tempera- 
ture of about 100° ever particle of the 
precipitate would disappear. 

Jf allowed to remain in the water 
while it cooled, little stars or Hakes 
•would begin to appear in the alcohol, 
and when it had fallen to a temperature 
of 70° or 75°, the alcohol would he 
entirely filled with the precipitate. If, | 
then, the indications of the instrument | 
are to be relied on, it. is easy to get up 
a storm on short, notice. 

Suppose, when an instrument has 
been carried out of a warmtronm and 
the precipitate tills the alcohol from top 
to bottom, that it is left outside, as was 
done on the first of January, with the 
instrument hanging outside referred to 
above. In such a c^se, after the instru- 
ment has been out some time, the 
columh of prccip'gate will begin to 
shorten, even though the temperature 
remains the same; aim v it will he 
noticed that the Ubttom presents a more 
compact a^>pea ranee. A fyfr about a 


week or 10 days, the precipitate wil^ 
have entirely lost its feathery appear- 
ance, except, perhaps, a little at the 
top, and will present a compact granu- 
lated mass tilling about half the tube, 
if it is winter, and about one-quarter, 
it it. is summer. If while the column of 
precipitate was shortening there was 
any considerable change in temperature, 
there might he some minor oscillations^ 
in the length of the column, hut the 
whole tendency would he downward. 
When this state is attainel, the pre- 
cipitate dissolves very slo,vly in the 
alcohol, and the instrument 1 'is capable 
of going through considerable changes 
in temperature without, much change m 
the height of the precipitate. Thus, 
suppose in the morning the temperature 
was 40°, and by noon had risen 50°, the 
height of the column may show no per- 
ceptible decrease, because the dense, 
crystals dissohe slowly, and the alcohol 
lacks considerable of containing as much 
as it could dissolve at the latter tem- 
perature ; hut when toward night the* 
temperature again falls to about 40°, 
t lie liquil i*. nearly saturated ; and, if 
by the next morning the temperature 
has fallen to say ‘>2 \ the liquid will 
befillel to a < onsidei able height with 
light, feathery crystals which readily 
dissolve on a rise of temperature, OY if 
the temperature, remains stationary, 
settle to the bottom changed into the 
more compact granular crystals. To 
illustrate from observation — on Januaiy 
15, the temperature in Jthc room for 
about a week had been ranging from 
bout f»0° to 70°, mid the heighjof the 
precipitate in the instrument had been 
almost steady at 25 on the scale, when 
| the temperature in the l 'room on tlffi 
evening of the 15t.h fell to 52°, an<(* 
light flakes of precipitate began to $ * :n. 

I knew the liquid was now supersatu- 
rated, ami any further decrease in tem- 
perature would cause a decided precipi- 
tation. On the morning of the. 14th, 
the temperature had fallen to ^5°, and 
the height of the column Of precipitate 
xvas 52 on the scale. I observed the 
instrument inside the house and the 
one ontsiile, three times a day during 
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January and February, and it was always 
‘found that the height of the two 
col limns varied in opposite directions 
whenever the temperature changes in- 
side and outside were in opposite direc- 
tions. 

I observed the instrument three times 
a day during t lie whole summer and 1 
autumn of U#U, and thou: was never 
an increase in the height of the precipi- 
tate without a corresponding fall of 
temperature, or a decrease without a ! 
corresponding ri&o of temperatuie. It | 
will thus he seen that the instrument is j 
not a “f*orm glass” or a “ chemical 
barometer,” but a chemical thermo- 
meter, and a very poor thermometer at 
t hat. 

Oo its indications bear an\ relation 
to weather change*? Ye** ; because 
temperature changes are closely related 
to other weather changes. In the 
summer under an extended but moder- 
ately high pressure area, or anti-cyclone, 
there usually exists beautiful, fair, 
warm, settled weather, and the top of 
the precipitate will he even with the 
division marked 4 * Fair.” When showers 
come on, the air turns tool, and the 
precipitate, rises to the division marked 
“Change." Whenever an area of de- 
« ided low pressure passes over the 
country, the air is warm in front of it ; 
and as the centre passes over, there is 
usually a sudden fall of temperature. 
'I'll is causes the precipitate to rise up to 
the division marked “Storm,” and the 
wind in such cyclonic systems is always 
high, eapei tally in their rear. In the 
winter the top of the precipitate is 
neafly alwaymnp in the division marked 
“Change,” and as the weather is eter- 
nally ehauifing, I suppose it. may he 
considered about right. On the cont vary, 
^Jecided anticyclone may in summer 
bring cool weather; and the precipitate 
will rise up into the division marked 
“Storm,” accompanied by the clearest 
skies and delightful breeze's. It. is also 
common for rains to pass over without 
any Aatesial changes in temperature. 
In such cases the height of the precipi- 
tate will remain unchanged, 'flic in- 
dications of the instrument are then 


sometimes right, sometimes wrong, like 
the licgro’fc dumb watch, which was 
alwnj s right twice a day, hut, as it gave 
no indications of the time when it was 
right, it was not worth much as a pi ac- 
tual instrument. (11. Helm Clayton.) 

(Hi) Clvccrine Barometer. — The 
marked influences of the variations in 
the pressure of the atmosphere upon the 
disengagement of carbureted gases in 
coal mines has led engineers to devise a 
new barometer that will not only indi- 
cate the most minute variation of atmos- 
pheric pressure, hut. will indicate it so 
plainly that miners and others not ex- 
perienced in making barometric obser- 
vations can readily detect the varia- 
tions. 

Among the instruments of this cla-n 
one of the most interesting is the large 
water lmroinetcr constructed for tlm 
Koval Society by Prof. Itamell, in IS.'IO, 
which, however, was not. a success, as 
the e fleets of the pie^suie were annulled 
by the effect of the temperature upon 
the \apoiir found m the Toriieellian 
\ ac u ii ill. 

Ik Jordan, a member of the oflhc of 
the English mining archil es, has spent, 
several \ ears in studying the ditlereut 
liquids that might possibly he applic- 
able in constructing an accurate and 
highly sensitive barometer, and finally 
found that glycerine produced the be^t. 
results. A glycerine barometer con- 
structed hv Jordan, 1870, is still in use. 
The glycerine is very pure, and has a 
specific gravity of 1*20, and on account 
of its high point, of ebullition the 
vapours have no perceptible tension at. 
the ordinary temperature, and it will 
only congeal at a very low' temperature. 
The height of a column of glycerine is 
20 ft. if in., and a variation of -, 1 ,, in. 
of mercury corresponds to a variation 
of about 1 in. in the column of glycerine. 
As glycerine is very apt to absorb the 
moisture of the air, it is eoverel with a 
thin layer of prepared thickened petro- 
leum in the cistern of the bgrometer. 
Jordan has consAucted barometers for^ 
the Soitfh> KciAingtng and Jeri.^n 
Street Jliisemns;^ both ha\c given 
peifecf tyithfaction, and to show the 
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scientific value of the instrument the j 
Royal Society has built one ‘at the Kcw j 
Observatory. 



This instrument i| shown in«Fig. 360, 
and consists of a cy 1 i nd rical/; isT ern of 


tinnel copper, about 0 in. high nnd 
10 in. diameter, pro\ idcd with a screw 
cover or cap, having a small opening 
leading into a recess containing cotton 
to act as filter and keep out the dust. 
The large barometric tube is made of 
ordinary gas pipe, about * in. diameter, 
and is rigidly attached to the cylindrical 
cistern or cup. The upfrer end of this 
tube /its into a piece of bronze, into 
which a glass tube, 4 ’ in. diauietei and** 
about 4 ft. high is securely cemented. 
This tube terminates m a cup inclosing 
a rubber packing. Graduated scales 
provided with indicators are* placed at 
each side of the glass tube, the one on 
the left side indicating the inches and 
tenths of inches, and the. right-hand 
so.de show s the equivalent measure of a 
corresponding column of mercury. The 
scales are attached to an oaken plank, 
which is fastened to the wall of one of 
the upper storeys of the observatory, 
and the large tube passes down to a 
loom situated 26 ft. l J in. lower. The 
glycerine in the barometer is colourel 
with aniline re I. He fore putting the 
glycerine in the tube, it is boiled at a 
temperature of about 180° to expel the 
air and to make it purer. The air is 
exhausted from the barometer tube by 
means of an air pump. Regular obser- 
vations are made with the instrument 
at the Kcw Observatory, where it is 
considered to be a scientilio instrument 
of the greatest precision. 

(13) How to make a Glycerine Baro- 
meter. — A bottle about a quarter filled 
with glycerine, coloured reSl with ma- 
genta or crimson aniline, 1ms a ^lass 
tube of about the diannfter of a pencil 
passing airtight through the cork, which 
is inserted airtight into thcljottle. The' 
lower end of the tube dips beneath the 
surface of the glycerine. The bottly.; 
made to contain compressed air by blow- 
ing into the upper end of the tube. 
On relinking the mouth, part of the 
glycerine will rise in the tube until the 
weight of the liquid column in the tube 
and the atmosphere balance the internal 
air pressure on the surface of the gly- 
cerine. The column in the tube will tend 
to vise when the pressure of the atm os- 
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pliere diminfehcs, or tin* temperature 
the compressed air rises, and to fall when 
the atmospheric pressure increases or 
the toinporatii re of the compressed air 
diminishes. So far as the variation in 
the height of the column is due to 
changes in atmospheric pressure, the 
column moves jn the opposite direction 
from that in a mercurial barometer. 

It. will now he seen that it is desirable 
' fo eliminate from the reading of the 
barometer scale the elleet due to a 
change in temperature. Simultaneously 
observe the reading of the barometer 
and a theAiometcr at hand. Next find 
the difference between the readings, 
calling that of the thermometer the 
minuend. The difference is regarded as 
the relative pressure of the atmosphere 
at the time of observation. The divi- 
sions on the instrument are J in. apart, 
ami the length of the tube above the 
bottle is ‘Jo in. It. seems better to have 
100 divisions than any other number. 
These divisions hear no relation to those 
*on mercurial and aneroid barometeis. 
Knch instrument is intended to be com- 
pared with itself to indicate a relative 
pressure of the atmosphere. In the 
instrument the degrees are marked and 
numbered with a peu on a strip of 
paper obtained from a ribbon roll ; this 
is pasted upon a neat wooden case be- 
hind the tube. The case has a recess 
info which the bottle is M. A neat 
piece of wood, of the proper shape, 
secures the bottle, while leaving it 
almost entirely in view. Two small 
wire staples secure the tube to the scale. 
If de^ralde, a paper scale may be pasted 
upon the tube, 1 *th us dispensing with a 
case. 

Of course* it is liable to he broken 
• when thus constructed. The use of a 
1#*'jnomcter is scarcely necessary if the 
barometer is kept in a cellar or anv'place 
where the temperature is nearly uniform. 

With a tube 11-4 ft. long, the bottle 
may # be buried in a large box of dry 
sawdusj, or any other poor conductor of 
heat, # in a* finely divided state. The 
instrument will then give fair results 
without using either a thermometer or 
a cellar. 


The advantage of using glycerine, 
instead of water, is that glycerine 
scarcely evaporates; besides, it will not 
freeze except at a very low temperature, 
and if a minute quantity of water he 
present, it never becomes solid. 

A thin glass tube, 4 ft. long, can he 
bought for 5 d. at the drug stores m 
cities. The glycerine ami magenta will 
cost less than ‘Jd. By making an orna- 
mental case one may, with a little 
ingenuity, produce a beautiful instru- 
ment. Jt will foretell fair, changeable, 
and stormy weather as well as a mercu- 
rial barometer costing thirty times as 
much. 

The upper end of the tube should he 
loosely filled with cotton to keep out 
the dust. After having forced air into 
the; instrument, it should not he allowed 
to approach a horizontal position, for 
the compressed air may blow the column 
out of the tube ; if this does not happen, 
a large air bubble may separate the 
column, and render the instrument 
useless. No particular dimensions are 
requisite for either the bottle or the 
tube. The magenta is used merely to 
render the column more readily visible. 
Other colours may he used, but this is 
the most, beautiful. (J. Asher.) 

(14) Portable mercurial barometer. 
The chief faults in the ordinary ha ro- 
under are imperfect vacuum and a 
degree of capillarity in the mercury 
which makes it diflicult to read the true 
level. With portable barometers it is 
rare to get accurate results. K ml v itch 
overcomes the obstacles by the instru- 
ment shown in Fig. I»d7. The two 
chambers a h as well as the tubes join- 
ing them, are filled with pure dry 
inercury.g The chamber a communicates 
with the chamber d by a capillary tube. 
On tipping the barometer, the mercury 
in h flows into </, displacing the air, 
which escapes by the tube r into cham- 
ber d, and ranno^ return to the baro- 
metric chamber o. The reservoir k 
assists in filling tin* tube, \vhich»is done 
cold. On reversing the tube, the air 
collects a iff! Scapes at tfle hole 0. At 
m is a rubber tube uniting the two por- 
tions of tl^ instrument aiyl capable of 
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being closed by a pinch cock. By re- 
peatedly reversing the tube, all air is at 
last forced out of the barometric cham- 
ber a . The instrument is rendered 
portable by reversing it, and putting 
the pinch-cock on the rubber tube. 


ar.7. 



Portable bsiionn ter.< 


(l.'i) How to read the barometer. 
The barometer is only an extremely 
sensitive balance, or a manometer 
showing the variations of atmospheric 
pressure. The ea¥ly makers of one 
form ,)f the instrument had the un- 
fortunate idea of marking certain points 
on the dial * with the^wwds “fair,” 
“ rain,” “ storm, a &c. ; tlwi^ example 
has been followed blindly and hence 


the had reputation of the barometer. 
The passage of dry winds over our heads 
naturally causes the hnrometer to rise, 
while damp winds have the reverse 
effect ; but it must not be forgotten 
that rainy winds in Europe come from 
the south-west, and are ascendant in 
latitude — they raise the air, and in the 
same degree lighten th& barometer ; on 
the contrary, dry winds come from the 
north and east, are cold, and descend a 
in latitude — they drive the air towards 
the surface of the earth, and cause the 
barometer to fall. The barometer 
shows very well the great ‘atmospheric, 
perturbations — the only condition being 
that we should learn how to use it. 
The diurnal course of the sun above the 
horizon exorcises its influence on the 
barometer, it beats the atmosphere, 
causing ascending currents of air, which 
create a fall in the level of the mercury 
in the afternoon, and a return towards 
the former level in the evening. It is 
o\ ident. that the barometer may vary 
tmm three distinct causes; by change 
of altitude, under the influence of dry 
and moist winds, and under the action 
of the solar rays dependent on the hour 
of the day. These premises being 
stated, it is ’*.>t astonishing that two 
excellent instruments, one placed, for 
instance, on the lower, and the other 
on the upper part of a house, should 
never agree. Proprietors of certain in- 
struments declare that, theirs are the 
only barometers to he trusted ; old 
friends will dispute about them. With 
the present mode of graduation, it. is 
rare to find two barometers in t^e same 
bouse marking even tHfc same division of 
the dial ; t lie instrument which marks 
“variable” on the grAuml-floor 
! incline to “rain” on the fifth storey 
I for in a house 00 ft., high the difl^jigpcc 
! in the height of the column of air is 
| about 2 nun. Take a small aneroid 
I wheel barometer in your baud, and 
! walk up or down a street with a sharp 
ascent, and von will find the 'needle 
deflect towards “ fine ” as* you' descend, 
and fall as you rise, every 110 ft, repre- 
senting about 1 ni|ii, in the barometric 
variation. 
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French barometers are generally attained by meansof the unaided eyesight, 
graduated for Paris, and cannot possibly For reducing or enlarging drawings, 
be correct in places of different, altitudes, maps, plans, &c., tlie camera lueida also 
The position of the index is altered* gives excellent results. In short, this 
The barometer is affected much by instrument forms part of the profes- 
latitude, and a little by longitude; the sional tools of the majority of artists, 
oscillation is altered, and no change in designers, engravers, &c. 
the index will correct the error. The camera lueida? invented i>v 

Suppress the tloceptive indications on Wollaston have since been more or less 
the dial, and the barometer may be improved upon, but all are based upon 
Consulted anywhere with profit. When the same principle. They consist o{ a 
the mercury is rising or falling, the right-angled triangular prism, one. of 
indication of the same foretells faith- who.se tares is covered with a small 
fully the probable weather to be ex- mirror. Tin* rays, proceeding from the. 
pccted. flie only exception occurs 1 object whose image it is desired to see, 
when two opposing currents are first meet the prism, where they are 
struggling against, each other; in such j refracted at their entrance and exit and 
a case the barometer will be scarcely j then strike the mirror, and from this 
affected, yet the rain may fall suddenly. 1 are reflected so that the draughtsman 
Generally, rapid variations of the j receives them in the direction of the 
instrument indicate change; when t lie sheet upon which he wishes to draw, 
fall is rapid, ram may he expected; | and is thus enabled to trace their con- 
wlien very rapid, storms. The import- tours with a pencil. Rut a Wollaston 
ance of the atmospheric perturbation is camera lueida costs 1-51. Now it is 
in proportion to the rapidity of the fall j possible to obtain the same effects as are 
1 of the mercury, but the duration of bad 1 given bv this apparatus, by using a 
weather is in general long in proportion I simple mirror, or any bit of silvered 
as the fall has been gradual and con- ! glass, this fact being due to a physio- 
t iiiuotis. If the mercury mount xen logical peculiarity of our vision, 
rapidly, the weather is not completely j When we look at, an object, each of 
changed ; it mounts more rapidly than j our eyes perceives its image, but the 
it falls, but still there are differences two images are superposed, and we thus 
to be observed. In testing the condition ' have a perception of but a single object, 
of the mercury by tapping gently with I If, by a slight pressure upon one of our 
the finger, it is not safe to accept the j eyes, we move the globe of the latter, 
rising of the index as a sign of fine j while looking at the same object, the 
weather; it. must be remembered that | two images w ill be perceived separately, 
the barometer, unless acted upon by a j or, in oilier woids, we shall see double, 
tolerably energetic current, lias a | It is probable that animals whose 
marked tendency to rise between . r » j eyes have different directions, those for 
o’clock in the afternoon and midnight, ' example that have eyes at the side, like 
to fall between midnight and f> o’clock : many herbivora (hares, gazelles, &c.), 
in the moAiing, and to rise again | or that J carry them upon pedunc les 
u between. 5 a.m. and mid-day. (like crustaceans), do not perceive 

superposed images as we do. 


Camera. Ltjciua. 


It is due to such superposition of 
images that when we station oiu selves 


(1) The camera lueida is an apparatus before a sheet of white paper aflixed to a 
which renders great services to land- j wall, and turn sft as to face it, it is 
scape painters by permitting them to ! possible, by looking with one exjp into a 
see upon their canvass or drawing-paper ! small mirror, to see upon the paper, hv 
the landscape that they wish to repro- I means of^luf* othe'r eyc,*a reflection of 
duce, and t.o sketch its outlines with an ! the olnpc* situated ^behind us, and to 
accuracy and rapidity that cannot be i thus easily follow’ or trace its outlines. 
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It is a very simple matter to get up a 
camera lucida upon tins principle. 

As for the arrangement of the 
apparatus, we may affix a small mirror 
with wire to the cover of an open 
sketch-book, and so place ourselves that 
we. mav, with the left eye regarding the 
mirror, see with the right a reflection of j 
the object that we desire to draw. 
This image will be seen upon the ver- 
tical part of the drawing- paper in 
front of us, and we may then follow 
it in all its outlines and details, as we 
would do with an ordinary camera 
lucida. {La Nature). 

(2) In all forms of camera lucida are 
more or less defects, such as limitation 
of tield, distortion, indistinctness of 
image or of drawing-point, awkwardness 
of position, &c. Being engaged in 
endeavouring to simpliiy and perfect, 
the construction and adjustment of 
Wenh.un’s high-power binocular prism, 
it occurred to me that his arrangement, 
of prisms might he modified, so as to 
he available as a camera lucida in which 
the defects of the forms hitherto made 
won hi be considerably reduced if not 
entirely eliminated. 

Assuming a 4.‘> n inclination of the mi- 
croscope to l>e the position most generally 
convenient for drawing, 1 drew on a 
large scale tin* system of prisms which 
appeared to be suitable fur a camera j 
lucida. Messrs. Iloss undertook to con- 
struct the prisms to my drawings, and 
the apparatus was found upon trial to ; 
answer my expectations fully. I am 
induced to describe it because it has also 
met with much approbation from inicro- 
hcopists, who were previously disinclined 
to believe in the possibility of any new 
device at the present day, wh ; °h should 
he substantially better than the nume- 
rous older forms which apparently 
exhausted Die subject. 

It, is well known that all forms of 
reflecting prisms acting by means of 
one reflection are extremeh sensitive in 
regard*!*) the position of the mirror in 
relation to the. micijoscojig, ns also in a 
less degree in relation to th*. eye ; the 
slightest deviation from the normal 
position in many cases entirely destroy- 


ing the effectiveness of the apparatus 
For this reason camera lucida acting by 
one reflection have not found favour, 
though their apparent simplicity has 
induced the construction of many Mich 
forms. 

In order to obviate the difficulties 
incident to the use oCjone reflection ; 
many device** have been made acting by 
tiro reflections, and where these have 
been so contrived as to act like parallel* 
mirrors, the reflected image has possesse l 
t lie advantage peculiar to this principle, 
of being practically insensitive to slight 
differences of position relative to the 
microscope or to the eye, remaining in 
fact stationary within a considerable 
range of adjustment, as in Wollaston's 
camera lucida. 

My device (Fig. .‘><>8) consists of a com- 
bination of a right-angled prism (Fig. 
dflfl), ABC, and a rhoinboidal prism 
D K F <1, so arranged that w hen adjust e l 
Aery nearly in contact (i.e. separated by 
only a thin stratum of air) the faces 
IK 1 and HE are parallel, and conse- 
quently between 1>K and li In they act 
together as a thiik parallel plate of 
glass through which the drawing-paper 
is \iewed. The rhomiioidal prism is so 
lonstructol that when the face OF is 
npplie 1 at right angles to the optic 
axis of the microscope, the axial ray II 
passes without refraction to 1 on the 
internal face K F, whence it is totally 
reflected to J in the face 1)0. At J a 
part of the ray is reflected to the eye by 
ordinary reflection in the direction J K, 
and a part transmitted to J # on the face 
A C of the right-angled prism. Of the 
latter a portion is also reflected to K by 
ordinary reflection at The hypo- < 
thonusc face A C is cut at such an angle 
that the reflection from J' coincides with# 
that from .T at the eye-point 
utilising the secondary reflection to 
strengthen the luminosity of the 
image. The angle at G is arranged so 
that the extreme marginal ray II'. from 
the field of the B eyepiece strikes upon 
1) G at a point just beyond the ar«gle of 
total reflection, the diffraction-bands at 
the limiting angle being faintly dis- 
cernible at this edge of the field. This 
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angle gives the greatest amount of light, j 
l./ ordinary rejection short of iota! 
reflection. 

By this arrangement the Hamblen 
circle over the eyepiece conics just above 
the camera lucida, and the held of view 


object is in a luminous held the light 
on the object (especially with lamplight) 
may he advantageously subdued by 
ground glass or similar means. The 
eve may he removed as often as required 
from the camera, and the work resom- 


:iG*\ 3G!». 
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is not in any way reduced ; all that can 
he seen directly through the 1> eyepiece 
(say «‘i0° ol‘ field) is perfectly depicted 
in the camera lucida, whilst the drawing 
being viewed direct is of course not cut 
down in field. 

In practice the microscope should be 
inclined about 45°, ami the image ac- 
curately focused through the eyepiece 
as usual. The camera is then slid on 
the eyepiece and pushed down more or 
less until the •nicroscopical image is seen 
distinctly and the illumination of the 
field iiPequal th%mghout. The drawing- 
paper is placed on the table immediately 
under the cantcra. The observer will 
then see the microscopical image pro- 
jected on the paper, at the same time 
vieSThg the pencil-point directly. The 
whole pupil of the eye is available for 
both images, the diaphragm on the 
apparatus being considerably larger 
than the pupil. It may be necessary to 
balance the illumination either by sub- 
duing the light in the microscope or by 
increasing it on the drawing paper. It 
will generally he fimnl that when the 


mcnced without the slightest shifting 
of the image ; and with properly 
balanced illumination, fully shaded 
drawings can he made with very little 
practice. The drawing-paper should in 
every case be placed at the distance of 
distinct, vision, either using spectacle-, or 
not. if the vertical position of the 
microscope be preferred, the drawing- 
paper may be inclined 4o°, either in 
front or at the side of the instrument. 
For very accurate drawings in all 
azimuths, the drawing-paper should of 
course wholly coincide with the plane of 
the optical image, as with every other 
form of camera lucida. A spring clip is 
provided fn which a screen of black 
paper may be put to shade the eye not 
in use. 

This form of camera lucida can be 
modified so as to project the image at 
any desired angle. ^It can be used with 
the dissecting microscope or ^ hand- 
magnifier, also on !i stand for archi- 
tectural o^ niijhanfcal drawings. (II. 
Schroder/) 9 9 
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! parallel lines are drawn at. right angles 
DeNDROMETEK* to the edges. The square is attached }>f 

means of a pivot and clamp screw to a 
There are various methods of asccr- stout iron-shod pole about 4J it. long — 
taming the heights of trees, all more a convenient height for taking tree 
or less satisfactory ; but the simplest measurements. 

and most eflicient contrivance that has This instrument is constructed on the 


•4 7 ’/% 
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or other object intended to be measured, the centre of the bolt* of the tree to the 
to the foot of the observer. The hues staff of the dendrometer. At this point 
running perpendicular to the baseline (where the operator stands) the staff of 
represent t he altitude or height of the the dendrometer is to be fixed in the 


object either in feet., links, or 
yards, according to the scale 
by which the base line is 
measured. • The height of any 
given tree is indicated on the 
face of the dendrometer at 
tl'fe point where the plumb line 
(suspended from the point A) 
intersects the perpendicular 
line corresponding with the 
distance oirthc base line from 
the. centre of the trunk of the 
tree to the observer. The 
figures along the top and 
bottom of the instrument 



show th? number of divisions 


corresponding to the lines oi 
altitude intersected by the 
plumb line. 

Each line of altitude repre- 
sented on the instrument cor- 
responds with a unit of the 
wale employed, whether this 
scale be in feet, links, or 
yards. The base line is 
marked only at every fifth 
unit, thus, ft, 10, 1ft, *i0, and 
s«> on. Whatever standard of 
measurement is fixed upon, 
whether it be in feet, links, 
or yards, for the base line. 



it is id* course understood 


that the lines of altitude 
must he fixed to the same 


scale. The tlivisions on the 
face of the instrument are 
hut if at. a*y time it he 
desired to ascertain the height 
of an object a Wove lftO ft., the 
divisions of the instruments 
termed yards, when, 
of course, a height of 450 ft. 
can be measured. 



Dendrometer. 


The mode of using the dendrometer is 
as follows: — Suppose the object to be 
measured be a tree. The operator must 
first place himself at a sufficient dis- 
tance from the tree so that the extreme 
fop of it can be distinctly seen. Note 
must then be made of the distance from 


ground. Then setting the instrument 
in the direction ot'the tr^e turn the 
square face of the Instrument ( which 
works on a pivot fixed at the upper 
angle) unt a . tl*fe plumb liue falls direct 
upon the^liue A B (Fig. 370). Fix the 
square in this position by the clamp 
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screw, runt then look through the 
"sight. 1 * (the perforation running 
through the square from t: to A, Fig. .*170), 
awl murk the place on the tree where 
the line of sight cuts the tree, us at li in 
Fig. :571 . Tlii'. point (r.) will give the 
level corresponding to the height of the 
observer. Next loosen the clamp screw 
and turn the square until the line of 
sight cuts the extreme top of the tree, 
then tighten the clamp screw again. 
The plumb line will then he seen to 
make a triangle with the base and alti- 
tude lines, as shown in Fig. o70. The 
height of the tree will ho indicated hv 
the number of the line of altitude, whu h 
^ intersected by the plumb line, on the 
base line corresponding with the 
measured distance from the tree. 

The diagram (Fig. .'170) shows clearly 
what, takes place during au observation. 
Suppose the base line from the centre of 
the tree trunk to the observer measures | 
7o ft., and after “ sighting 11 the top of 
the tree the plumb line falls over the 
square in the manner indicated in the 
diagram (the upper figure), the height 
of the tree meisurel would then be 
2o ft. Again, if the bise line measured 
100 ft.., and after “sighting’* the top- 
most point of a tree, the plumb line fell 
across the square, as in the lower figure 
in the diagram, the tree would be 50 ft. 
in height. Of course, in every case the 
height from the ground to the observer’s 
ey<* nniftt be tuhh*d to the height read on 
the instrument. 

In measuring reclining trees or other 
objects, care must be taken not to 
measure the base line from the centre 
of the tree trunk, but from the point on 
the ground perpcndirnl ir to the highest 
part of the tree. This point may he 
ascertained by holding a j)lumb-line 
between the eye and the tree, and 
marking on the ground the place thus 
indicated, as at it, Fig. ,'172. On finding 
this point perpendicular to the highest 
part of the tree, the observer may pro- 
(e»*l as in the preceding instructions. 


It will thus he seen that in measuring 
objects not exactly perpeudicular, sonfr 
care is necessary in the operation, or the 
measurements will be inaccurate. In 
the ease of ascertaining the height of 
an object, as for instance that repre- 
sented in Fig. 072, if the base line were 
measured from the centre of the hole, 
instead of from the pi.mt. is, the ob- 
served height would he too great. In 
short, if the base line were measured 
from the centre of the hole on the side 
to which the tree is leaning, it woul l 
give too great a height, and on the 
other hand, if tlie base * line were 
measured on the side the tree is leaning 
from, the height so ascertained would be* 
less than the true height of the tree. 

In measuring tne height of round or 
llut-toppcd trees, the observer must 
choose a station sufficiently distant, so 
as to fully see the highest part. If 
viewed too near, as at a in Fig. i»73, it. 
is impossible for one to se' the highest 
part of the tree, and the result is that 
the height is greatly increased. There-* 
fore, in order to avoid such errors, the 
object should be viewed as far back as 
possible, so as to obtain a view of the 
highest point right, over the true per- 
pendicular, or, in the event of this not 
being possible, the perpendicular anl 
height of some definite point may* be 
ascertained as in Fig. !>72. 

The height of any part of a tree or 
other object may be ascertained by sub- 
tracting the result of one observation 
from that of another. 

This instrument possess many ad- 
vantages. It is simple, no calculation 
being required ; the hr'ght of afiy tree 
or other object can he ascertained at 
any convenient distance/ and by it the 
height of any portion of a tree, such as 
the height of the trunk, can be 
tained from one station. It is, More- 
over, light and portable, not its least 
recommendation for an instrument of 
this kind. 
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\iiu I’oWhFi:, composition, GO. 

Vcacia walking sticks, 39*. 

A wd pumps, .'Nil. 

siphon, 303. 

\cldpiOof CHlIldl! , 13. 

— lutr*, 13. 

\cids, evaporating, -13. 

— parking 262, 

Adams's air bath, 31. 

\«-i ilillf-r, r»r». 

Air baths, :v 2. 

— exhausting, 411. 

ovens, 32. • 

Albumen prints, 112. 

Albums, repairing* 383. 

Alloys capable of electric welding, 198. 

eutectic, 7G. 

fusible, 70. 

Amide powder, strength, 67. 

Ammonia as a fire extinguisher, so. 
dynamite, strength, 67. 
t Anatomical specimen*, casts of, 32*. 
Anemometers, 411.' 

Angles, measuring, 413. 

Apse walking sticks, 39*. 

\sh walking sticks, 399. 

Asp walking sticks, 39s. 

Atlas powder, composition, 66. 

firing points, 6ft. 

sLiengtb, 67. 

\ut»mutic rapid filter, 58. 

- — spi inklers, 73. 

Vxo battery, 131. 

Hvk*»w Wai.kvna Stick-, 399. 
llaniboo walking sticks, 399. 
Huiomcters, 414. 

camphor, 421. 

- — cheap, 414.* 

cistern, 419. 

--- - clouiing tubes. 416. 

* — exhausting tul%s, 414, 

- filling with mercury, 415. 
glycerine, 4413 

- portable, 425. 
leading, 426. 

« siphon, 417. 

- storm glass, 421 . 

- — vernier, 421. 
batteries, electric, 125. 

— - for electric welding, 209. 

storage, 1H5. 

bay-tree walking sticks, 399. 
beating gold, 241. 

Beefwood walking sticks, 399. 
beetle ctnes, 399. 

Jlellite, strength, 67. 
bells, electric, 162. 
belting, cement for, 18 , 
bend knot, 372 386. 
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bfiiii ke's cement , |.i 
boniu'tt ]»owdrr, minposilimi, 64!. 
benzene, extinguishing, so. 
b-aizoic acid in food, 271. 
hernardos electric welding, 209. 
bit inornate batteries, 131 . 
binding knot, 372. 
birch walking sticks, 399. 
bird s upward filtei, 64. 
bishop's sprinkler, 76. 
biunial lantern, 102 . 
black orange walking stick*, 4uj. 

tork walking sticks, 399 

writing ink, 8 2 . 

blacksmithing. 24*. 

blac kthorn w alking sticks 399. 

black wall hitch, 372. 

block hook, 3*0. 

blocks, rope, 377. 

blue-black wiiting ink, 82. 

marking ink, *ft. 

boat building, 407. 
books, cloth iKimid, 3*1. 

discoloured cases, 3S3. 

dog-ears, 382. 

-- leather bound, 3-3. 
preserving, 270. 

recasing, 381. 

repairing, 3*1. 

albums, 3 S3. 

torn cases, 382. 

bends, w aterpioofing, 311. 
borrnic mid for keeping food, -71. 
bottle cement, 13. 

labels, 4. 

lacquer, 89. 

bower- biiTff iron, 292. 
bowline knot, 370. 
boxwood walking stick 4‘.0. 
brass lacquer, 89. 
briar root pipes, 361. 

- walking stick*, 400. 
blight's fire alarm. 79. 
bioiizes, 219. * < 

cast in £| 219, 225. 

— works, 220 . 

- - - compositions, 229. 

- - furnace, 229. 

— - Japanese, 231. 

models, 219. 

moulds, 220, 233. 

patina, 232. 

pickling solutions, 231, 

piece moulding, 2£t 

pouring, 226, 9 

shakuds, 23T. 

— - shibu-hjii, 234. 

wastf wax process, T21. 

wax models, 224 

•brown's Bprinkler, 76. 
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Untgeres powder, composition, «G. 
Iludenbeig powder, compo-ition^firi. 
buildings, fireproofing, 67. 

lliver I'lnto fireproof, 70. 

timber firing without flame, 67. 

Ihmsen burner, wire, 1 1. 

Thtrritt sprinkler, 76. 

< ’ATI BA OK WALKIN' 5 Sl'K’KS, 100. 
Calcium chlonde (hying proc* si, *. 
Camera lucida, 427. 

Camphor barometer, 421. 

Candying hint, 277. 

Cap cement, 13. 

Carbodyimiiiite, composition, 66. 

Caibon piint.s. 111. 

Carbonic acid er.it »*, 203. 

for cooling, 19. 

< \irboti8, electric, 1 63 
Carlxty protector, 261. 

Carey’s sprinkler, 73. 

Carob walking sticks, 400. 

Carolina reeds, 400. 

Carrick bend, 372. 

Casein cement, 13. 

Casting, 243. 

btonzes, 225. 

(’.itep.iw knot, 370. 

« ‘aiitei y batt«*iy, 132. 

Codur wood walking sticks, 100. 
Cements, 13. 

- — acid proof, 13. 

belting, in. 

- — lienicke s. 13. 

bottle, 13. 
cap, 13. 

- - casein, 13. 

- - China, l s. 

- cutlers’, 13. 

— Davj \s, is. 

glass. 13. 

. — to metal, 13. 

- — glue, 14. 

— gutta-percha, 17. 

hot- water pipe*. 1 1. 

- labels, 15. 

- metallic, for stone, is, 

- — microscopical, 15. 

rubber, 17. 

to metal, 17. 

- - stone, IK. 

SoulunV, 13. 

Centrifugal driers 41. 

filtering, 63. 

( ra perdu ta bronzes, 221 . 

Chan oat tobacco pipe.-, 363. , 

Cherry walking sticks. 400. 

Chestnut walking sticks, 400. 

China cement, IK. 

Chloride of calcium drying p* ocess, 38, 
Chlorochromic battery, 153. 

Chromic acid battery, 133. 

Cistern barometer, 419. M 
Clamps, wire, 9. 

Clay m- lellingf 321. (( 

tobacio pipes, 355. 

Cleaning barometer tubes, 4 7 3. 

Clove hitch, 370, 372. 

Coffee walking sticks, 400. 

Cold drying, 42. 

Colouring mag e lantern prints, 119. 


Colouring metal w'nres. 239. 
Commutators , electi ic, 1 6 1 . 
Concentrating by told, 42. 

beat, 32, 43. 

Concrete floots, 70. 

Condenser, Liebig, 6. 

Congreve’s sprinkler, 71 
Constant water balli, 40. 

Contact printing, 116. 

Cooling, 19. 

by evaporation, 19 

water, 19. 

Copper, corrosion, 2s3. 

-- - oxide battery. 1 13. 

plates, welding, 211. 

protection, 2^3. 

welding, 2 ill. 

Copying, 22. 

black process, 23. 

— -blue process, 22. 

chemical methods, 22. 
copper plates, 27. 
dynamo-elect i <« tna« hut* 27 
gahano-causticr, 27. 

- ink, 83. 

— magneto-electric iiiaclnni -, 27 

- mechanical method-, 2 t. 

- mounting drawings, 2 H. 

nature printing, 27. 

— - paper, permanently moist, 21, 
— plioto-chemlgraphy, 27. 

- — printing frame, 22. 

ti po printing, 27. 

- typographic blocks, 28. 

/incotyp. s, 23. 
i '••nhte, composition, 66. 

C*»rk puller, wire, 11. 

- — walking stick.-, 400. 

C orrosion, copper, 2*3. 

- - »r«n, 2H4, 

lend, 300. 

tin tul surfaces, 2*3. 

silver, 301. 

steel, 2H4. 

— zinc, 301. 

Cotton waste, printing ink horn, kf*. 
Crab walking sticks, 4 no. 

< hitlers' cement. 13. 

Cutting diamonds, 1. 

i 

I Date Palm Walking STiCKt^-tuO- 
I Davey powder, composition, 66. 
Davy's cement, 18. 

Dawnay's iloots, 70. 

Delmny's battery, 134. 
llendrometers, 430. 

Dennett's floors, 70. 

Desiccating, 32. 

Designolles powder, cnmposd.ii n, CO. 
I Maiiiond bitch, 375. 

Diamonds, cutting, 1. 

polishing, 1. 

Dish covers, japanning, 95. 

Distilled water, preserving, 270. 
Distilling, 42, 

mercury, 42. 

water, 44. 

Ikigwood walking sticks, 400. 

Dole pow’der, composition, 66. 

Hop, 2. 

Double black wail hitch, r.72. 
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Double sheet betid, 370. 
Doiilton-Pcto Hours, 70. 

*)nig rope knot, 37*2. 

Drawings, duplicating, 3*2. 

mounting, 27. 

I )ra\v reef knot, 308. 

Dried plants, keeping, 278. 

Dry batteries. 147. 

— — plates for magic lanlei ns, 1 10. 
Diymg, 32. 

agricultural produce, 3“. 

— air batlis, r. *. 

■ calcium chloride, 3H. 

cold, 42. 

- — eold-air machine, 30. 

I nut, 38. 

. grain, 38. 

— hydro extractors, 41. 
mechanically, 4 1. 

- - pte*s4, 42. * 

- - tea, 38. 

water ovens, 40. 
incline composition. 00. 
Duplicating writing.-, 22 
T lynamite, composition? 00 

- -- tiring points, 65. 

- — strength, 07. 

Dynamo-electric machines, 27. 

Know W alkinu Srirns, 401. 
Eggs, parking, 205. 

Electric batteries, 125. 

- - - axo, i:*i. 

- bichromate, 131 . 

chlororhrniuic, 153. 

- — chroime acid, 133. 

copper oxide, 143. 

Delaniy’s, 131. 

dry, 147. 

- for cautery, 132. 

FricdhmderV, 135. 
gas, 136. 

.v -- Holtzer, 141. 

- Imchcnei/.ki, 142. 

iron, 142. 

- — Kousmine. 142. 

- — - - Lalande-CImpeion, 143. 

- — moist, 147. 

pneumatic, 152 

priming siphon, 148. 

Kafliguet’s, 148. 

Renard’s, 151 

• — Selby V 155. 

— - selenium, 157. 

— - ' single iluid, 159. 

— Skitvanof, 159. 

Sloane’s, 169. 

— storage, 185 

« — suspending frames, 131. 

' - Treeby's, 130. 

water, 161 . 

Weymersrh, 161. 

wire mesh frames, 138. 

bells, 162. 

— ■ carbons, 163. 

commutators, 16 1. 

• — < conne'Ctor, wire, 11. 

— energy, 125. 

— lire alarms. 79. 

galvanometers, 166. 

* graphophonc, 182. 


I Electric holing, 213. 

joints, stability, 213. 

— - lamps, <69. 

light lor velocipede, 381. 

lighting, 52, 170. 

cost, 170. 

I — - microphones, 174. 

transmitter, 192. 

— — motors, making, 17 o. 

phonogram, 182 

— powdrr, composition, 06 
regulators, 103. 

- liveting, 213. 

. soldering, 213. 

1 - storage, 185. 

> telephones, 190. 

transformer, 200. 

welding, 193. 

-- battery, 209. 

w iiYB, insulating, 215 

. joining, 216 

Knmicrmitc, firing points, i.i 

— .-treugth, 67. 

Enamels for metals, 210 
Encaustic litters, 5 
Endowing ink, 87. 

Eihardt powder, composition, 66 
Klching glass, 317. 

. liquid, f». 

Eucalyptus walking sticks, 401. 
j Eutectic alloy, 76. 

* Evans and Swain's solid wooden floor*, 70. 
Evaporating, 45. 

acids, 45. 

cooling by, 10. 

multiple, 45. 

Exhausting ah lmm tubes, 414. 
Explosives, 65. 

composition. 6<*. 

— firing points, 65. 

strengths, 65, 67. 

Extinguishing apparatus, 73. 

benzene, SO, 

compounds, 73. 

petroleum, mu. 

Extraction apparatus, 7. 


Fastening Labels on Mftvl, 5. 
Figure of eight knot, 36H. 

Filter, automatic rapid, 58. 

germicide, 53. 

Johnson’s 54. 

Mai lie, 65. 

— - papers, folding, 59. 

Fttulsotl’s, 53. 

porcelain, 55. 

premies, 42. 

pumps, 58. 

suppoit, 57. 

Filtering, 53. 

- - — assisting, 63. 

centrifugal, 63. 

line precipitates, 62. 

— funnels, 62 


— in vacuo, 66, 63. 

— laboratory metlCDds, 56** 

— media, selectin'!, 62. 

— oxidtsablu precipitates, «7. 
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Filtering under pressure, 63. 

— — upwards, 63. 

vacuum pump for, 66, 5 *>, Gf.. 

viscid liquors, 66, 63 

- water, 63. 

Fire alarms, 79. 

Fire-doors iu theatres, 7*. 

Fireproofing, 67. 

buildings, 67. 

- — causes of fire's, 6s. 

extinguishing compounds and apparatus 

73. 

floors, 69. 

■ sprinkle >is, 73. 

- — t ox tiles, 8<». 

-- — theatres, 71. 

— timber, mo. 

Firing without flame. 67. 

whitewash, 69 

Flies, causes, 67. 

from flues, 6s. 

oxidis’d it on, 69. 

pipes, OH. 

lGsbertnen’s bend. 370, :ho. 

Fishing nets, making, 3 st. 

Flung, 335, 336. 

Fluoi s, concrete, 70. 

cost, 71. 

fireproof, 69. 

loads, 71. 

solid wooden, 70. 

weight, 71. 

Folding lilter papeis, 59 
Kot»d, preserving, 271 
Forcite, comjKjMtton. 06. 

firing points. 65. 

Forge, 2 in. 

Forgeries, detecting, s7. 

Fort is powder, composition, 66. 

Found i y, statue, 229. 

Freezing mixtures, 19. 

out water, 42. 

Fi iedlander’s battery, 1 35. 

Fruit candying, 277. 

drier. 38. 

Fullers* teazle walking s‘ic\s, 101. 

Fulminate, mercury, tiring pouts, 09. 
Fulminates, strength, 67. 

Funnels, filtering, 62. 

Furnace, bronzes, 229. 

Furze walking sticks, 4 ' . 

Fumble alloys, 76. 

GALVANISING IllON, 287. 
i ial vano-eaustics, 27. 

Galvanometers, 166. 

< harden labels, 5. * 

Gardner's floors, 70. 

Gas battery, 136. 

lighting, 49. 

liquor as'H lire extinguisher, 80. 

Gelatine, camphorated, firing (toiii's, 05. 

explosive, composition, 66. 

— firing points, (n>. 

strength, 67. 

Gclignitd^ccmp* lition, 63. 

Gems, cutting, 1. 
polishing, 1* 

nicide filter, 53. t , 

leaner’ s rust-proofing process, 297. 
iiunt. powder, romposition r 66. 


L 

Glass, breakiug, 313. 

cements, 13. 

cutting, 314. 

di tiling, 315. 

etching. 317. 

liquid, 5. 

Fastening label.- to, G. 

— - Frosting, 319. 

labels, 5. 

-- - lacquer, black, 89. 

powdering, 320. 

shippers, fitting, 320. 

— lo metals, cementing, 13. 

tula's, scaling, 320. 

writing on, 5. 

Glue, dry, 14. 

GJyterine barometer, 423. 

explosive, strength, 67. 

Gold beating, 241. 

lacquer, 90. * 

Goniometers, 413. 

Gorwo walking sticks 401. 

Grain diier, 3 s. 

G Tangier's coinmutitor. 161. 
Graphopbone, |M2 11 

Graphs, 22. 

Green powder, composition, 66. 
Grmneir.s sprinkler, 75. 

Grove battery, liquor for fleering, 19. 
Gru-gru walking-sticks, 401. 

Guelder rose walking slicks, 401 
Guncotton, filing points. Of#. 

strength, 67. 

Gunpowder, tiring )>oints, 65. 

Guthrie's eutectic alloy, 76. 
Gutta-percha cements, 17. 

| Hahn Pow i>hu. Composition, i*6. 
Harris sprinkler, 76. 

Harrison’s sprinkler, 74. 

Hawser bend, 3hu. 

Hazel walking sticks, 401. 
Heliography, 23. 

Heliogravure, 25. 

HcllboflUe, strength, 67. 

Herbarium specimens, keeping 2*8, 
Hercules powder, composition, 6«. 
Holders, wire, 9. 

Holly walking sticks, 401. 

Holtzer battery, 141. % 

Homan and Roger's floors, 70. 

Hookah, 365. 

Hornbeam walking sticks, . 
Horsley powder, composition, 66. 
Hot-water pipes, cement, 1 ». 

1 1 ydro- ex tractors, 41. * 

nitro-celiulose, firing jioint*, 65. 

ILLUMINATING AGENTS, 48. 
Imchenetzki battery, 142. 
lndelilde ink, 84. 

stamping ink, 86. 

Indian Ink writing on glass, G. 

Ink, 82. 

action of bleaching agents on, 87 

block writing, 82. 

copying, 83. 

— without pre?*, S3. 

endorsing, 87. 

eraser, «7. 

In ’elibl**, HI. 
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Ink, iuviMble, 84. 

marking, 85. 

pod, 87. 

- polygraph!?, 86. 

powder, 87. 

- — printing, sc. 

- restoring faded, -I. 

- stamping, 8C 

- stencil, 85. 

- wutorproof, s 7. 

I ululating cleat, *21 6 

— wires, 215. • 

Invisible ink, 81. 
lion battery, 142. 

— - coating, 2 «s. 

— corrosion, 28 1 
— - galvanising, 2"7. 

lacquer, 1)1, 

- — lute. 14. 

painting, 287. 

— plates, welding, 211. 

— protection, 287. 

■lAMiiKK Walking Sticks, 401. 
Japanese bronzes, 221. * 

lacquer, 91. 

.lapanning dish con its, 95. 

metal, 92. 

Tonbridge ware, 91. 

trays, 95. 

wood, 94. 

Johnson’s lilter, 61. 

Joining electric wires, 216. 

.•I olin's sprinkler, 77. 

Judscm powder, composition, 60. 

Ki i.riNG Hooks, 270. 

distilled water. 270. 

dried plants, 278. 

food, 271. 

tools, 259. 

wood, 282. 

IvelJbw and Short powder, coinposilioi 
Kieselguhr dynamite, filing points, or 
Ki-urushi, 91. 

Knots, 968. 

Kousmitie battery, 142. 

Knp powder, composition, 66. 

Labels, 4. 

— - bottle, 4. 9 

cements, 15. 

enaauatic, 5. 

fastening oti metal, 5. 

— garden, 5. 

— glass, 5. • 

plant, 6. 

«r — varnish, 5. 

Laboratory apparatus, 6. 

wire, 7. 

filters, C6» 

Lacquers, 89. 

black for glass, 89. 

bottle, 89. 

- — "in*ass, 80. 

gold, 90. 

iron, 9i *■ * 

Japanese, 91. 

Bfct l, 91. 

~ — nrushi, 91. 

Lulitfidc-Chapcron battery, 1 13 . 

) 


Lamps, elect tic, luy. 
loanee wood walking sticks, 401. 
Lannoy powdfer, composition, 60. 
Lantern pictures, making, lew. 
Lanterns, magic, 96. 

Lapidaries’ work, 1. 

Jaiudy's copying process, 2 : 1 . 

Laurier tbyn walking sticks, ::9'i. 
Lawn tennis nets, making, 39“ 

mending, 395 

Lead, cuirosion, 300. 

protection, 300. 

Leonard sprinkler, 7 s. 

Letters, encaustic, 5. 

Library insects, 27u. 

Liebig condenser, 6. 
lighting agents, 4«. 

burners, 50. 

cost, 48. 

economics, 52 . 

— * — electric, 52, 170. 

| gas, 49. 

1 magnesium, 61 . 

— — petroleum, 4s. 

Iheaties, 72. 

water gas, 51. 

Lime bisulphite in food, 271. 

light. 102 . 

, Lindsay’s floors, 70. 

' terrain's fire alarm, T‘>. 

1 Loya canes, 402. 

' Lutes, J3. 

j acid proof, 13. 

, cap, 13. 

! iron, 1 1 . 

MacCAHuY ’s SCKlNhLI.lt, 7 1* 

, Magic lanterns, 95. 

; albumen prints, 112. 

biunial, 102. 

| caibon prints, ill. 

— carrier lor slides, 101. 

cheap, 95.* 

I colouring prints, 119. 

j coutact printing, llfi. 

; gelatine plate, 95. 

— lever slide, 1 1 9 . 

lights, 102. 

— pentaphane, 99. 

portable, 97. 

printing frame, H>0 

Pumphrey’s vaporiser, 103. 

reflecting, 95. 

slides, 106. 

shape, 107. 

size, 107. 

) — making, 108. 

. mounting, 107. 

wonder camera, 90. 

Woodbury types, ill. 

Magnesium lamps, 51. 
Magneto-electric machine, 27. 
Malucca canes, 402. « 

Mallic filter, 55. 

Maple walking sticks, 402. 

Marking ink, 85. * 

Measuring angles 41 3> 

heightYf trees, 430. 

Medlar walking sticks, 4J2. 
Meerschaum pipes, 363. 

| Meganite, composition, 66. 
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Melinite, strength, 67. 

Mercury fulminate, firing points, 65. 

strength, 67. 

purifying, 42. 

stills, 42. 

Mcsli pegs, netting, 384. 

Metal surfaces, corrosion and protei" 
wares, colouring, 239. 

— work, 219. 

Metals capable of electric welding, J 

— enamels, 240. 

fastening labels to, 5 *j. 

- - japanning, 92. 

— writing on, 6. 

Mcteer, 4. 

Miea powder, composition, 6«. 
-Microphones, 174. 

transmitter, 192. 

Microscope cement, 15. 

stand, wire, 1 1 . 

Midgen walking sticks, 402 
Modelling. 321. 

i lay, 321. 

stand, 321. 

tools, 322 

wax, 325. 

Moist batteries, 147. 

Mokuyiki, 91. 

Motors, electric, 176. 

Moulders’ tools, 213. 

Moulding, 213. 

sand, 243. 

Moulds, bronze, 220, 233. 

Mountain ash walking sthks, 402 

bay walking sticks, 402. 

Mounting drawings, 28. 

magic-lantern slides, 107. 

Mousing a hook, 3«0. 

Multiple evaporation, 45. 

Musical instruments, home-made, 21 
Myall wood walking sticks, 402 
Myrtle walking sticks, 402. 

Nana Casks, 402. 

Natural objects, casts of, 328. 

Nature printing, 27. 

Netting, 3H4. 

Everv's system, 390. 

mending, 395. 

needles, 3H4. 

pegs, 384. 

shales, 386. 

spools. 384. 

square meshed, 392. 

Neumeyer powder, composition, CG. 
Nitre-glycerin**, firing points, 65. 

strength, 67. 

Nolie ra powder, strength, 67. 

Oak Walktno Sticks, 402. 

Oil lighting, 48. 

Olive walking sticks, 402. 

Orange walking sticks, 402. 

Ovens, air, 32. 1 

Oxland powder, composition, 66. 
Oxonitfay strength, 67. , 

Oxy-calcium lamp, 102. 
Oxy-hydrogen ’amp, lu2 ' 

light, 73. 

I'ACKINC, 262. 

a< Ids, 2«32 
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Packing eirgs, 265. 

Pack-saddle knot, 375. 

I ’ad ink, 87. 

Painting iron, 2«7. 

lantern slides, 119. 

1 ’dlmy ra walking sticks, 402. 
ParAfllit lighting, 48. 

Parcels, tying, 3*4. 

Parmcli e s sprinkler, 7 (. 

Partridge canes, 4i>2. 

- wood walking stick-, U)'t. 

Paste, 337. ' 

Patina on bronze, 232. 

Paulson’s filter, 53. 

Penang lawyer canes, 4U3. 
Pentapliane lamp, 99. 

Percolation, 269. 

Percolator, water bath, and sLill, 12 . 
Perkins’s cooling apparatus, 2,1 
Petroleum, extinguishing, so. 

lighting, 48. 

Phonogram, 182. 

PI i ot ochemigra] >1 i.v, 27 . 

Pliotogra])li albums, i opahing, 'tit 
i’li olographic plaste.’ casts, 329. 
Photographs, magic lantern, liH. 
Pickling bronzes, 234. 

Picric powder, firing points, 65. 
Pictet'** freezing liquor, 19, 

Pimento walking stick", 403. 
Pmchcock, wire, 9. 

Pipe-makers' oven, 356. 

- — moulders’ table, 338. 

... tools, 357. 

Pipes, coating, 28s. 

hot-water, cement, 1 1. 

Plant 1 »d»els t 5. 

Plants, preserving. 276. 

Piaster casting, 325. 

casts, eolaigmg, 332. 

hardening, 331. 

reducing. 332. 

that will wash, 330. 

Plates, welding, 211. 

Pneumatic battery, 152. 

Poiteviu's copying process, 23. 
Polishing diamonds, l . 

Polygraphic ink, 86. 

Pomegranate walking sticks, 403. 
Porcelain filter, 55. 

Pouring bronze, 226. 

Precipitate filter, 67. 62. 

Preserving books, 270. 

food, 271. 

plants, 278. 

wood, 283. 

Presses, d lying, 42. 

Printing ink, 86. 

Prints, copying, 22. 

Piotectlon, copper, 283. 

iron, 287. 

lead, 300. 

metal surfaces, 283. 

silver, 301. 

steel, 2«7. 

zinc, 301. 

Pumplirey's vaporiser, 103. 

Pumps, add, 301. 

filter, 58, 

substitutes, 302. 

e \ ater, 302. 
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1’yiolito, composition, 60. 
I'vmiinuic, ^imposition, 6G. 

(Jl A liliL l’l.l. K\ Al'OKATION, 45. 

liA<’K Ali<>( K, Com position, 66. 

— strength, 67. 

,'mllgiiets battery, 148. 

’njah canes, 408. 

bit tau fanes, 408. 

’eel -knuf, 368. 
tenard’s but1ery,^51 . 
lendrock, composition, 66. 
letort stand, wire, 9. 

Incr Plate houses, 70. 
tohuritc, composition, 66. 

Nh lie’s c«pyifig proco-% 22. 
J'olling bend, 38n. 

Hopes, hawser laid, 370. 

mousing a book, 580. 

- -- sizes, 36*. 

- storing, 368. 

strength, 36*, 878. 

tackle, 377. ^ 

tying and Bpliciug, 36s. 

whipping, 37o. • 

Houghton's Kpi inkier, 74. 
1iub!*er cements, 17. 

to metal, cementing, 17. 

- waterproofs, 311. 

Punning bowline, 370. 

I! listing noil, 2S|. 

J:ust piovnntheh, 259. 

« - removers, 260. 
Kiiihenlmrg sprinkler, 76. 


Safety valve for extraction appa’atus, 
Salicylic acid in fetal, 274. 

Saline solutions, cold concentration, 4*. 
Salomon's commutator, 161. 
Sa^ifragine, composition, 66. 

Sell wart/, powder, composition, 66. 
Selby b battery, 155. 

Selenium battery, 157. 

Selvagee, 37.9. 

Sensitising paper, 23. 

* solutions, 23. 

Nesliinie-unitdm 1.1 . 

Slmkudo, 234. 9 
Shales, netting, 385. 

Sin cpffnank, 37 ii. ^ 

Sheet bend, 36 m, 372. 

Sbibu-iclii, 231. 

Short splicing, 571. 

Silver, corrosion, 361. 

1 fulminate, strengtli, 67. 

I rotection, 301. 

Single fluid battery, 159. 

sheet betid, 3C8. 

Siphon barometer, 417. 

Siphons, 305. 

— /void, 306. 

for battciies, 148. 

— * intermittent, 308. 

— !T r * ent, 305. 

/.rimed by bluing, 30 

-Aiulf priuiiiigJU07. 

Ski/vunor battery, 169. 

«k#f, 4. 


Sloam’s air bath, 32. 

battei y, 150. 

Siuirkc’t. spriiftler, 77. 

Smith’s coating for non pipes, 2 J M. 
Smiths* tools, 248. 

work. 218. 

Snnkewood walking Ht.icks, 408. 
Snyder’s stock, 2. 

Solder, Ormncll’s, 76. 

Soldering, t lei trie, 213. 

stereotypes, 350. 

Sou Ian’s cement, 13. 

Spence powder, composition, 66. 
Splicing, 374. 

Spools, netting, 384. 

Sprinklers, automatic, 73. 
stamping Ink, 86. 
stands, wire, 9. 

Statue foundry, 229. 
j Steel, col rosioti, 284. 

! ™ lacquer, 91. 

1 protection, 287. 

1 Stencil ink, 85. 

; Stereotyping, 332. 

i beating brush, 311. 

■ surracp, 339. 

— casting Ik>x, 312. 

— curved plates, 351, 

dr} mg press. 310. 

eatly method, 332, 

- flung, 335, 336. 

- — gauges, 313. 

metal, 341. 

piste, 237. 
principles, 33 >. 
soldering, 350. 

— tiln lining plates, 346. 

Still, water bath, and percolator, 12. 
1 ? tone cement, 18. 
j Stoppers, lilting, 320. 

! Slot age batteries, 1*5. 

[ Storing acids, 262. 

I — eggs, 265. 
storm glass, 421. 
sulpliuroUH acid in food, 274. 
Switchboard, 190. 

Tackle, 377. 
laps, 366. 

! ' r a»ring iron, 295. 
i Tea drier, 3s. 

IVazle walking sticks, 401. 
Telephones. 190. 

- - switchboard, 190. 

I’eunis nets, making, 392. 

mending, 395 

Teat-tube judder, w iie, 9. 

stand, wire, 1 1. 

Textiles, fireproofing, 80. 

| I heatres, fireduors, 78. 

fireproofing, 71. 

t lighting, 72. 

' oxy-hydrugen liidit, 7.1. 

pyrotechnics in, 72. 

scenery, 72. 

Shaw’s curtain, T4. 

structural precautions, 

wash\or woodwork, 7: 

Thistle waging sticks,^ 03. 
Thomson’s tip, 367. 

I weldifig appiratus 21 


Saccharine Solutions, Com* Concentration, 
42. 
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Thumb-knot, 36*. 

Timber, fireproofing, HO. 

firms without flame, 67. 

hi tcli, 370. 

incombustible, 81. 

pieserving, 283. 

'I in, fastening labels to, 0. 

Tobacco pipes, 355. 

Tonbridge ware, Japanning, 91. 

I ougs, wire, 9. 

I unite, composition, 60. 

— strength, 67. 

Tonquin canes, 403. 

Tools, keeping, 259. 

Tracings, mounting, 27. 

'I ransformers, electric, 20o. 
'Transparencies, printing, loO. 

I rays, japanning, 95. 

Treeby’s gas battery, 130. 

'Trees, measuring height, 130. 

Tripod stand, wire, 9. 

'Tubes, sealing, 320. 

Tweezers, wire, 9. 

Type printing, 27. 

’Tying, 368. 

— bundles, 375. 

parcels, 374. 

t ypographic blocks, 28. 

Upsetting Ikon, 250. 

Upw ard filtration, 63. 

Urusbi, 91. 

VvCCUM FiLTEll, 56, 63. 

pump for illteriug, 56, 59, 63. 

Varnish, label, 5. 

Velocipede, bent backbone, 3*<0. 

crank, 3H0. 

handle-liar, 380. 

— buckled wheel, 3H0. 

— electric light for, 381 . 

Victor sprinkler, 77, 78. 

Viscid liquors, filtering, 56, o.J. 

Volney’s powder, strength, 67 
Vouge's gelatine, explosive tdrenglh, o7 
Vulcan powder, composition, 00. 
Vynaud powder, composition, 6 

Walking Sticks, 397.* 

materials, 397. 

preparing, 403. 

staining, 406. 

varnishing, 406. 

Walworth's sprinkler, 76. ; 

Wash-bottle, 12. 

Waste-wax bronze casting, 221 . 

Water bath, constant, 40. 

percolator, and still, 12. , 

battery, 161. * 

cooling, 19. - 

distilling, 44. 

— filtering, 53. 

- ga«, 51. 

— ovum, 40. 

— pumps, 302. 

raising, 302. 


— ( — 

Water removing by calcium chloride, 3 

by centrifugal machines, 41. 

by c old, 42. 

by heat, 32, 45. 

by presses, 42. 

Waterproof ink, 87. 

Waterproofing boots, 31 1. 

rubber, 311. 

Wax compositions fur models, 22 1. 

— - modelling, 325. 

Weaver*’ knot, 372, 386. 

Wi ights, wire, ll. 11 

Welding bars, 213. 

— copper, 240. 

plates, 211. 

— electric, 193. 

— iion plates, 211. 

metals to ea**li other, 213. 

Weymcrsch battery, 161. 

Whangee canes, 403. 

Whin walking sticks, 401. 

Whipping a rope, 3T0. 

White powder, composition, 66. 
Whitethorn' walking sticks, 403. 

White wash , fl re proof, u 9 . 

Whiting’s sprinkler, . I. 

Whittaker’s copying apparatus, 22. 
Wilkinson's floors, 7o. 

Wire epparatuH for lalwratory, 7. 

— liunsen burner, II. 

clamps, 9. 

cork puller, 11. 

- — electrical connector, 11. 

microscope Bland, 11. 

— pinchcock, 9. 

retort stand, 9. 

— rope, splicing, 374. 

t^t-tub" holder, 9. 

— stand, 11. 

tongs, 9. 

- tripod stand, 9. 
tweezers, D. 

- weights, 11. 

U ires, insulating, 215. 

joining, 216. 

Wonder camera, 96. 

Wood, fireproofing. «0. 

firing without flame, 67 . 

incombustible, 81. 

japanning, 94. 

preserving, 288. 

Woodbury types, ill. 

Wooden, solid, floors. To. 

Writing, detecting forged. s7, 

— ink, black, 82. 

blue-black, 82. * 

on glass, 5. 

— on metals, 6. 

Writings, duplicating, 22. 

Zinc, Corrosion, 301. 

fastening labels t.», 6. 

protection, 301. 

Zln cotypes, 25. 

Zirracote walking sticks, 403. 
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The PHOSPHOR BRONZE CO. 

. LIMITED, 

87 SUMNER STREET, SOUTHWARK, LONDON, S.E. 

Branch Foundry & Mills- BAGOT STREET, BIRMINGHAM. 


• # SOLE MAKERS OF THE CELEBRATED 

“COG WHEEL" AND “ VULCAN " BRANDS 


PHOSPHOR BRONZE INGOTS 
AND CASTINGS. 


A special quality in the form of Phosphor Bronze Spring and 
other Wj re. Rods. Plates, Strips, Doctor Blades, &c. 

Also supplied in Billets, Wi rebars, and Ingots. 


SILICIUM BRONZE 

ELECTRICAL WIRE, 

t In several Qualities (see Circulars and Price. Lists). 

For Overhead Telegraph and Telephone Lines, &e., as used by the chief 
Railway and Telephone Companies throughout the World. 

HIGH CONDUCTIVITY. GREAT TENSILE STRENGTH. 

RESISTANCE TO CORROSION. PRACTICAL INDESTRUCTIBILITY 


ROLLED AND DRAWN BRONZE, ALLOYS, 
DON METAL, BRASS, TIN, GeAmAN SILVER, &c. 

Bronze, Gun Metal and Brass Castings in 
the rough or machined v if required,. 

Eace end of nujur.} 



WRIGHT, CLARK & WALUS 

157 Southwark Bridge Road, London, S.E. 

GENERAL ENGINEERS AND MILLWRIGHTS 

REPAIRS TO MACHINERY A SPECLfVTY. 

Engineering Work for the Trade in ail Branches'. 

SPECIALTIES: 

Clark’s Three and Five Roller Mills 
Wallis’ Patent Four Roller Mills 

ROLLER GRINDING MILLS 

FOR 

Paints, Inks, Pigments, &c. 

Rollers in Best Granite, Porphyry, or Chilled Iron. 

EVERY KIND OF PUG AND MIXER 

57 'SOUTHWARK BRIDGE ROAD, LONDON, $E. 

% 1 1 ^ 




Are known throughout the World for their Standard of Excellence. 


Brottsc /l&chal 
1884. 



(Both /IDcfcal 
1800. 


A Notable Catalogue 


Will be Given Away 



on receipt of stumps to 
cover postage. 


No. 10 Section-Engineers' 
and Special Tools and 
Machines. 

Postage, 5d. 

No. 11 Section — Wood- 
workers’ and General 
Tools. 

Postage, 4d. 

Foreign Postage, 1$* each. 
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The phosphor bronze CO. 

LIMITED * 

87 SUMNER STREET, SOUTHWARK, LONDON, S.E. 

AND AT BIRMINGHAM 


Sole Makers of the Original "COG WHEEL " and " VULCAN " 

Brands of 

“PHOSPHOR BRONZE” 

The best and most durable Alloys for Slide Valves , Hearings, Hushes , 
Electric Straps , and other parts of Machinery exposed to friction 
and wear. Pump Pods, Pumps, Piston Kings, Pinions, 

Worm Wheels, Motor Gearing, &c. 

SOLE MAKERS. OF 

“CUNIBRA” (•«-) A Malleaole Bronze 

STRONG ROLLED BAJflS for PUMPS, &c. 

Strong as Steel, Malleable as Wrought Iron , Non-Corrodible as Gun Metal. 

“ DU RO. METAL” 

(REGISTERED TRADE MARK) 

ALLOY B, specially adapted for BEARINGS for HOT NECK ROLLS of 
IRONWORKS, TIN-PLATE MILLS, &c. 

ROLLED & DRAWN PHOSPHOR BRONZE, SILICIDM & 
OTHER BRONZES, NAVAL BRASS, GUN METAI* 
o AND MANGANESE BRONZE. * 

BAB1..TT METAL, “VULCAN” BRAND, PLAi.'TC METAL, “COG 
WHEEL" BRAND, ‘"WHITE ANT” METAL, cheaper than any 
Babbitt’s and equal to Best Magnolia Metal. » 

PHOSPHOR HIM PHOSPHOR COPPER, “ COO WHEEL " BRAND 

P/ease specify* he manufacture of the Phosphor ^tpnze £o., Ltd., Southwark, do 
n 'prevent imposition and ernr, » 










